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PREFACE. 


This  book  is  the  outgrowth  of  various  lectures  on  "The  Water 
Supply  of  Buildings"  and  on  "Plumbing,"  which  the  author 
was  requested  to  prepare  for  engineering  societies,  and  also  of  some 
essays  written  for  technical  journals.  These  articles  and  lectures 
have  been  put  in  a  revised  and  enlarged  form,  new  illustrations 
and  many  diagrams  and  tables  have  been  added,  and  thus  the 
entire  subject-matter  has  been  brought  up  to  date. 

The  book  deals  with  the  subject  from  a  practical  standpoint,  being 
written  by  a  practicing  engineer,  who  has  devoted  many  years  to 
the  special  engineering  topics  under  consideration. 

The  chapters  while  correlated  to  each  other,  are  purposely  so 
written  that  each  one  is  complete  in  itself,  and  may  be  read  or 
studied  without  reference  to  the  others.  While  this  necessarily 
involves  some  slight  repetitions,  the  author  nevertheless  adopted 
this  form  because  it  seemed  to  him  to  have  certain  merits  and 
■  advantages. 

Chapter  I  presents  in  an  elementary  form  the  Essentials  of  the 
Sanitary  and  Hydraulic  Work,  as  applied  to  Modem  Buildings, 
chiefly  those  in  cities. 

Sanitary  Fixtures  and  Appliances  are  discussed  in  Chapter  II, 
which  is  freely  illustrated  by  numerous  cuts  of  up-to-date  sanitary 
apparatus. 

Chapter  III  explains  Advanced  and  Simplified  Plumbing  Methods, 
and  in  connection  therewith  gives  suggestions  for  vital  improvements 
tending  to  modify  and  simplify  the  present  methods,  which  are  not, 
in  the  author's  judgment,  altogether  satisfactory.  For  many  years 
he  has  striven,  in  his  practice,  to  secure  the  abandonment  of  costly 
and  complicated  plumbing  systems  in  favor  of  those  that  are  both 
simplified  and  safer,  and  he  is  gratified  to  note  that  a  tendency 
towards  this  direction  has  recently  set  in. 
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IV  PREFACE. 

Chapter  IV  deals  with  Plumbing  in  its  Relation  to  Preventable 
Disease  and  with  the  Municipal  Control  of  Plumbing. 

Chapters  V  and  VI  deal  with  the  problem  of  the  Supply  of  Water 
to  Buildings.  While  Chapter  V  refers  to  Residences,  Chapter  VI 
is  devoted  to  the  very  important  subject  of  the  water  supply  of  large 
structures  and  of  the  Modem  High  Buildings.  Features  which 
apply  solely  to  the  water  supply  of  country  houses  are  excluded  from 
consideration,  because  ^they  form  one  of  the  subjects  of  another 
book  of  the  author.* 

Chapter  VII  deals  with  the  Maintenance  of  Pipe  Systems  for 
Water,  Sewage  and  Gas,  and  is  prepared  chiefly  for  the  use  of  man- 
agers of  institutions,  superintendents  of  buildings,  householders 
and  real-estate  men. 

Chapter  VIII  contains  a  complete  set  of  Rules  representing  the 
best  modem  practice  regarding  Plumbing,  Water  Supply  and  Sewer- 
age, chiefly  with  reference  to  hospitals  and  large  public  institutions, 
though  the  substance  of  the  rules  is  also  applicable  to  other  classes 
of  buildings. 

The  numerous  Photographic  Views  and  Text  Illustrations,  and  the 
Tables  and  Diagrams,  relating  to  water  mains,  service  pipes,  house 
sewers  and  kindred  subjects,  will,  it  is  hoped,  add  much  to  the  useful- 
ness of  the  book.  For  some  of  these  illustrations  the  author  is 
under  obligations  to  manufacturers  of  plumbing  apparatus,  and  in 
the  List  of  Illustrations  the  source  is  named  from  which  each  is 
taken.  A  number  of  the  photographic  views  are  from  work  installed 
under  the  author's  direction. 

Appendix  A  gives  a  Definition  of  Terms  relating  to  sanitary 
engineering,  water  supply,  sewerage  and  plumbing. 

The  Development  of  the  Drainage  and  Plumbing  Methods  for 
Habitations  from  crude  and  imperfect  beginnings  to  the  present- 
day  practice,  is  briefly  reviewed  in  Appendix  B. 

Architects,  building  superintendents  and  sanitary  engineers  will 
find  in  the  Plumbing  Specification  Reminder,  Appendix  C,  under 
fifteen  main  headings  or  divisions,  several  hundred  reminders 
regarding  the  materials,  fixtures,  workmanship  and  general  contract 
conditions,  which  will  be  found  useful  in  the  preparation  of  plumb- 

*  See  "The  Sanitation,  Water  Supply  and  Sewage  Disposal  of  Country  Houses,** 
published  by  D.  Van  Nostrand  Co.,  iqoq. 
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ing  specifications.  This  reminder  is  the  outcome  of  nearly  thirty 
years'  practical  experience  of  the  author  in  the  preparation  of  speci- 
fications and  in  the  superintendence  of  such  work  in  buildings. 

Several  useful  Conversion  Diagrams,  prepared  by  the  author,  are 
given  at  the  end  of  the  volume. 

New  York,  October,  1909. 
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CHAPTER    I. 

THE  ESSENTIAL  FEATURES  OF  THE  HYDRAULIC  AND  SANITARY 
ENGINEERING   OF   BUILDINGS. 

The  Sanitary  and  Hydraulic  Engineering  of  Buildings  comprises 
the  sewerage,  the  removal  and  disposal  of  waste  matters,  the  water 
supply,  the  lighting  and  ventilation,  the  plumbing  work,  the  sub- 
soil drainage,  the  dryness  of  foundation  walls  and  of  cellars,  and 
in  the  case  of  rural  houses  the  sewage  disposal. 

In  its  application  to  special  buildings  it  embraces  the  sanitation 
of  schools,  hospitals,  prisons  and  military  barracks,  and  of  abattoirs 
and  market  houses;  the  equipment  of  public  baths;  the  fire  protec- 
tion of  institutions;  the  safety  measures  for  theater  audiences;  the 
sanitation  of  factories,  workshops,  summer  hotels  and  resorts;  and 
also  railway  and  ship  hygiene. 

Architects  are  now  recognizing  the  value  of  the  services  rendered 
by  engineering  specialists,  and  consider  their  work  allied  with  their 
own  profession.  It  is  obvious  that  the  plans  and  specifications 
prepared  by  a  sanitary  engineer  must  necessarily  be  more  com- 
plete and  exact  than  those  of  architect,  who  are  expected  to  write 
the  specifications  for  the  work  of  a-^reat  many  different  trades, 
and  who,  in  the  nature  of  things,  cannot  be  equally  proficient  in 
all  of  them. 

But  of  even  more  importance  and  advantage  than  correct  plans 
and  specifications  is  the  expert's  personal  superintendence  of  the 
work.  Inasmuch  as  he  looks  after  only  one  or  a  few  special  branches 
of  building  construction,  he  is  much  better  able  to  give  imdivided 
attention  to  their  numerous  details,  and  to  the  thorough  testing  of 
the  work  during  construction  and  after  completion. 
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The  planning  and  installation  of  a  water  service,  sewer  system  and  of 
sanitary  plumMng  in  large  buildings  require  a  good  deal  of  practical 
experience  and  an  intimate  knowledge  of  the  subject  and  of  the  dty 
ordinances,  laws,  rules  and  regulations  pertaining  to  it.  The  sanitary 
expert  mi^t  not  only  be  familiar  with  hydraulic  and  sanitary  engineer- 
ing, but  he  should  know  something  of  structural  engineering  and  of  the 
properties  of  materials  to  be  used  in  the  work,  and  also  be  conversant 
with  the  preparation  of  plans  and  specifications,  and  with  the  laws 
be^ng  on  contracts. 

His  services  with  the  architect  should  begin  when  the  structure  is 
about  to  be  planned  and  designed.  If  the  structure  is  a  large  public 
building,  the  sanitary  expert  should  start  with  a  consideration  of  the 
functions  of  the  building,  the  uses  for  which  it  is  intended,  the  estimated 
number  of  permanent  tenants  as  well  as  the  probable  number  of  tran- 
sients which  use  such  building,  and  which  in  some  cases  is  very  large. 
A  thorough  preliminary  study  of  these  features  will  enable  him  to  decide 
upon  the  number  of  plumbing  appliances  required  and  upon  the  types 
which  are  the  best  to  use  in  each  individual  case. 

The  number  and  location  of  plumbing  fixtures  being  determined, 
the  next  step  is  to  consider  the  minimum  space  required  for  them,  and 
to  lay  out  the  fixtures  on  the  plans  in  consultation  with  the  architect 
so  that  they  may  be  arranged  to  the  best  advantage. 

For  each  type  and  kind  of  fixture  the  roughing  measurements  should 
be  obtained  and  the  fixtures  as  well  as  all  pipe  lines  plotted  on  the  plans 
in  accordance  therewith.  Proceeding  in  this  way,  many  serious  errors, 
due  to  the  unfamiliarity  of  architectural  draughtsmen  with  such  work, 
can  be  avoided. 

When  actual  construction  has  begun,  the  expert  assists  the  architect 
in  the  inspection  of  the  materials,  supervises  all  required  tests,  looks 
to  careful  workmanship  (alignment,  jointing,  supporting,  trapping, 
venting),  sees  to  it  that  the  work  conforms  to  the  plans  and  specification, 
makes  sure  that  work  is  exposed  where  so  wanted  and  that  where 
intended  to  be'  concealed  it  conforms  to  the  requirements  before  it  is 
covered  up,  looks  after  the  necessary  protection  of  finished  work,  and 
at  completion  tests  the  working  of  all  appliances  and  the  efficiency  of 
the  water  and  §ewer  systems. 

In  this  way  the  expert's  services  become  invaluable  to  the  architect 
and  to  his  client. 

An  important  branch  of  the  work  of  the  sanitary  engineer  relates 
to  the  sanitary  inspection  of  old  and  of  new  buildings  and  of  pro- 
posed building  sites. 

In  a  paper  on  "Sanitary  Houses  and  How  to  Select  One,"  written 
by  an  architect  and  quoted  in  Hasluck's  book,  "  Sanitary  Construe- 
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tion  in  Buildiugs,"  the  importance  of  the  subject  is  pointed  out  as 
follows: 

"In  the  olden  days  a  habitation  was  merely  a  place  to  dwell  in.  In 
primeval  times  it  might  be  a  cave,  with  a  few  rough  portions  of  rock 
'  placed  before  the  entrance  to  act  as  a  door;  or  it  niight  have  been  a  hole 
in  the  ground,  with  simply  a  few  branches  of  trees  covered  over  it  to 
act  as  a  roof;  or  it  might  have  been  an  abode  built  in  a  tree,  composed 
of  nothing  but  branches  twisted  together;  after  the  manner  of  9  bird's 
nest,  and  probably  suggested  by  it.  All  these,  in  the  different  dimes, 
have  been  used  as  the  home  of  man. 

"But  necessity  and  the  progress  of  civilization  demanded  a  means 
of  shelter  more  adaptable  to  varying  circumstances,  and  the  one-roomed 
hovel  was  built  of  rough  stones,  piled  one  on  the  other  in  rude  unshapely 
masses,  the  crevices  being  filled  with  mud  to  keep  out  the  wind  and  rain. 
Advancing  further,  the  single  room  was  made  into  two,  then  one  was 
built  above  the  other,  mud  was  replaced  by  mortar,  and  bricks  took 
the  place  of  stones.  One  change  brought  another,  and  the  house  grew 
and  increased  step  by  step  and  stage  by  stage. 

"But,  while  civilization ' increased,  and  in  nearly  every  science  rapid 
advances  were  made,  the  science  of  sanitary  building  construction  lagged 
woefully  behind.  Houses  were  built  without  reference  to  their  sur- 
roundings, and  regardless  of  proper  means  of  drainage;  no  attention 
was  paid  to  the  circulation  of  air,  nor  to  the  nature  of  the  subsoil;  and 
as  dwellings  became  more  crowded  in  the  vicinity  of  towns,  unsanitary 
conditions  increased  both  in  number  and  in  intensity. " 

Drainage  of  Town  Houses.  —  In  town  houses,  the  requirement  of 
thorough  sanitation  has  come  to  be  regarded  as  of  so  much  impor- 
tance that  the  installation  of  plumbing  and  drainage  appliances, 
the  connection  with  the  street  sewer,  the  provision  for  ample  ven- 
tilation, etc.,  are  made  subject  to  municipal  rules  and  regulations 
and  tg  official  inspection  and  supervision.  The  practice  is,  there- 
fore, quite  diflferent  from  that  of  country-house  work. 

Owners  of  country  houses  are  left  to  decide  upon  sanitary  matters 
themselves,  unless  they  choose  the  wiser  course  of  seeking  the  advice 
of  professional  men,  experts  in  their  various  branches.  The 
health-favoring  natural  conditions  of  country  life  can  be  enjoyed 
in  a  perfect  manner  only  where  country  houses,  their  surroundings, 
their  water  supply  and  sewerage  are  thoroughly  sanitary. 

The  sanitation  of  the  house  is  a  most  vital  problem,  equally 
essential  and  important  in  the  case  of  city  and  of  country  buildings. 
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Essential  Requirements  of  Sanitation  in  Dwellings. 

The  sanitatioii  of  modem  city  buildings  comprises  a  great  many 
requirements,  each  of  which  has  a  peculiar  importance  of  its  own. 
Some  of  these  are  briefly  mentioned,  although  they  do  not  belong 
to  the  scope  of  this  book.  All  requirements,  however,  must  be 
suitably  observed  or  fulfilled. 

The  essential  conditions  of  healthfulness  are  the  following: 

1.  The  building  must  be  located  on  a  proper  site.  This  should 
be  either  naturally  dry  or  rendered  so  artificially  by  adequate  under- 
drainage. 

2.  The  house  should  have  a  dry,  light  and  well- ventilated  cellar. 
This  serves  several  useful  purposes,  viz. : 

(a)  It  contains  the  heating  apparatus  and  the  heating  pipes; 

(b)  It  contains   the  main  drainage    system    for  the  plumbing    of    the 

house; 

(c)  A  part  of  the  cellar  is  subdivided  into  bins  of  suitable  size  to  hold 

the  fuel  for  the  kitchen  range,  the  fireplaces  and  the  heating 
apparatus; 

(d)  It  has    separate  well-arranged    compartments   for  the    storage  of 

provisions,  and 

(e)  A  separate  wine  cellar. 

3.  The  superstructure  of  the  house  must  be  dry.  Dampness  of 
walls,  which  is  so  prevalent  in  many  houses,  is  a  well-known  cause 
of  ill-health.  Damp  basements,  in  particular,  are  an  abomination 
not  to  be  tolerated  for  an  instant. 

4.  The  building  should  have  a  sanitary  system  of  house  drainage 
and  plumbing.  This  does  not  comprise  merely,  as  laymen  are 
prone  to  think,  the  plumbing  appliances,  in  the  selection  of  which 
there  is  nowadays  less  trouble  than  in  former  times,  owing  to  the 
excellent  character  of  the  many  types  of  sanitary  fixtures  manu- 
factured in  this  country,  but  it  includes  what  is  really  vastly  more 
essential,  namely,  the  safe  trapping  of  all  fixtures  and  the  correct 
arrangement  of  all  drain,  soil,  waste  and  vent  pipes. 

5.  Houses  should  be  provided  with  an  abundant  supply  of  pure 
and  wholesome  water  flowing  everywhere  under  a  good  pressure. 
For  laundry,  bathing  and  general  ablution  purposes  provision  must 
be  made  not   only  for  cold  but  also  for  hot  water.    A  plentiful 
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water  service,  available  under  high  pressure,  furnishes  a  splendid 
and  much-needed  fire  protection,  which  is  required  for  city  build- 
ings not  less  than  for  the  country  mansions  located  miles  away  from 
the  nearest  village  fire  department. 

6.  All  habitable  rooms  of  the  house,  and  in  particular  the  sleep- 
ing-rooms, should  be  efficiently  ventilated.  For  winter  occupancy 
the  building  should  be  well  heated,  and  living-rooms  and  halls 
should  be  kept  at  a  uniform  temperature.  All  rooms  should  be 
well-lighted  in  day  time,  and  the  artificial  lighting  systekm  provided 
for  the  evening  hours  should  be  safe  and  free  from  any  sanitary 
objection. 

7.  The  storm  water  from  roofs,  areas,  courts  and  yards  should 
be  efficiently  removed,  and  drippings  from  roofs,  balconies  or  from 
porches,  tending  to  keep  the  foundation  walls  damp,  should  not  be 
tolerated.  If  there  is  a  tendency  of  water  accumulating  in  the 
cellar,  this  should  have  proper  drainage.  The  cellar  drain 
should  not  be  directly  connected  with  the  sewerage  system  of  the 
house. 

8.  The  house  should  have  a  perfect  sewerage  s^ystem,  by  means 
of  which  all  liquid  household  wastes  are  instantly  removed  from  the 
building. 

9.  All  garbage,  kitchen  offal  or  other  solid  waste  matter  and 
refuse,  not  intended  to  be,  or  not  capable  of  being,  removed  by  the 
house  sewer  should  be  promptly  and  regularly  removed  and  dis- 
posed of  in  a  safe  and  sanitary  manner. 

10.  The  sewage  from  the  house  should  be  run  to  the  street 
sewer;  in  outlying  unsewered  city  districts  a  proper  sewage-dis- 
posal system,  rendering  the  sewage  innocuous,  should  be  planned 
and  carried  out.  Leaching  cesspools  and  privy  vaults  should  not 
be  tolerated  on  city  premises  under  any  circumstances. 

11.  If  there  are  any  minor  buildings,  such  as  a  stable  or,  in  the 
case  of  suburban  houses,  cow  barns  or  other  buildings  where  domestic ' 
animals  are  kept,  these  should  have  simple  sanitary  arrangements. 

It  is  a  mistake  frequently  committed  by  owners  to  economize  in 
the  matters  of  water  supply,  house  drainage  and  sewage  disposal. 
Purely  ornamental  features  of  the  residence  may  be  omitted  until  a 
more  opportune  time,  where  economy  must  be  practiced;  but  under 
all  circumstances  one  should  feel  sure  that  the  water  supply  is  un- 
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contaminated,  that  it  is  preserved  and  maintained  in  a  pure  con- 
dition, and  that  the  sewage  from  the  house  is  disposed  of  in  a  proper 
manner,  and  in  such  a  way  as  not  to  give,  in  the  course  of  time, 
o£Fense  to  sight  or  smell,  or  to  cause  preventable  ilhiess. 

Drainage  of  Building  Sites.  —  In  all  those  instances  where  the 
soil  holds  an  excess  of  moisture,  or  where  there  are  springs  within 
or  near  the  foundations,  the  building  site  must  be  underdrained. 
This  is  an  important  requirement  for  the  salubrity  of  habitations. 
The  drainage  of  sites  is  accomplished  by  the  use  of  porous  or  un- 
glazed  round  drain  tiles,  which  are  made  in  sizes  from  i^  to  6  inches, 
and  in  one-  and  two-foot  lengths.  These  drain  tiles  are  laid  with 
open  joints  in  order  to  gather  the  water,  the  joints  being  protected 
against  obstructions  by  pipe  collars,  or  else  by  plam  muslin  wrapped 
around  the  joints.  Formerly  stone  drains  were  used  for  this  pur- 
pose, but  it  was  found  that  they  stopped  up  and  were  not  self- 
cleansing.  Drains  are  laid  in  generally  parallel  lines,  'at  distances 
varying  from  20  to  50  feet.  Lateral  drains,  from  2  to  4  inches  in 
diameter,  are  connected  with  the  larger  main  drains,  which  should 
not  connect  with  foul-water  sewers. 

In  the  case  of  detached  houses,  in  the  suburbs  or  the  country, 
the  drain  outfall  may  go  to  an  open  road  ditch  or  to  a  water  course. 
In  city  houses,  however,  usually  no  outlet  for  the  subsoil  water 
other  than  the  house  sewer  is  available.  The  subsoil  drain  must 
therefore  be  properly  trapped  to  prevent  gases  from  the  soil  pipes 
or  the  sewer  from  gaining  access  to  the  drains;  the  water  seal  of  the 
trap  should  be  permanently  maintained  by  introducing  a  roof-water 
pipe,  or  by  other  special  devices. 

Foundation  Drains.  —  To  secure  dry  foundation  walls,  tile  drains 
are  laid  along  the  footing  courses  and  the  drain  trench  is  filled  with 
broken  stones  and  gravel.  For  houses  on  a  hillside,  a  good  plan 
to  secure  dry  walls  and  dry  cellars  consists  in  building  a  drain 
above  the  upper  side  of  the  house,  which  intercepts  subsoil  and 
surface  water,  and  which  conveys  it  around  the  building  toward  an 
outlet  below  the  house. 

Excessive  moisture  in  the  soil  under  habitations,  damp  founda- 
tion walls  and  wet  cellars  are  the  causes  of  pulmonary  diseases, 
consumption,  diphtheria,  malarial  fever,  etc.  The  drainage  of  a 
house  is  therefore  just  as  important  as  its  sewerage. 
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Removal  of  Storm  Water.  — In  a  wider  sense,  the  term  "drain- 
age" includes  the  removal  of  storm  water  from  roofs,  areas,  courts, 
yards  and  balconies  of  buildings.  The  roofs  of  habitations  are 
drained  by  means  of  the  gutters,  the  conductor  heads  and  the  leader 
or  conductor  pipes.  These  pipes  are  placed  either  on  the  outside 
or  on  the  inside  of  houses. 

In  cities  which  have  introduced  the  "separate  system  of  sewer- 
age," the  rainfall  is  excluded,  partly  or  wholly,  from  the  sewers. 
A  special  pipe  system  for  leader  and  yard  drainage  is,  therefore, 
required,  and  the  roof  water  may  be  conducted  into  storage 
tanks  or  cisterns.  In  other  cases  the  rain  water  is  carried  away 
by  special  rain-water  channels.  In  those  cities  which,  are  sewered 
on  the  "combined  system"  the  rain  water  is  carried  oflF  by  the 
same  conduits  which  receive  the  house  sewage,  and  in  all 
such  cases  the  leader,  yard  and  area  drains  should  be  efficiently 
trapped. 

Road  and  Street  Drainage.  —  A  system  of  road  or  street  drainage 
accomplishes  the  removal  of  the  water  falling  upon  the  roads  and 
the  streets  by  means  of  paved  and  graded  gutters,  by  road  boxes, 
street  catch-basins  and  underground  conduits. 

Country-House  Drainage.  — The  term  "country-house  drainage" 
is  often  improperly  used  to  designate  the  method  adopted  for  the 
removal  and  disposal  of  the  sewage  from  country  houses.  Thus 
the  sentence  "a  house  drains  into  a  cesspool"  is  intended  to  mean 
that  the  sewage  is  delivered  into  an  vmderground  hole  or  sunk  pit, 
generally  bricked  or  stoned  at  the  sides  and  covered  at  the  top, 
in  which  the  solid  or  liquid  waste  matters  from  habitations  are 
temporarily  stored. 

Cesspools.  —  Open  or  leaching  c!bsspools  pollute  the  water  of  springs, 
of  wells  and  of  cisterns,  and  frequently  become  the  cause  of  typhoid 
fever.  Water-tight  cesspools,  if  not  located  too  near  to  a  dwelling,  are 
sometimes  unobjectionable,  but  the  frequent  pumping  out  which  th^ 
require  is  troublesome,  annoying  and  expensive.  In  the  denser  parts 
of  cities,  cesspools  should  be  absolutely  prohibited  by  Board  of  Health 
rules;  for  outlying  districts  of  cities  which  are  not  included  in  the 
general  sewerage  system,  cesspools  may  be  tolerated  as  a  temporary 
measure,  but  they  should  be  constructed  water-tight,  and  emptied  at 
frequent  intervals,  and  this  should  be  done  under  special  Board  of 
Health  regulations. 
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Sewage  Disposal.  —  A  better  system  of  disposal  for  the  liquid  sewage 
from  isolated  houses  in  outlying  districts  of  towns,  where  houses  are 
not  located  close  together,  and  for  institutions  within  the  city  limits,  but 
not  in  reach  of  sewers,  is  by  means  of  either  the  surface  or  the  subsur- 
face irrigation  systems.  The  sewage  is  collected  in  a  small  tight  flush 
tank  and  is  discharged,  by  means  of  an  automatic  siphon  device,  into  a 
drain  or  conduit  which  leads  to  a  sewage-disposal  field.  Here  the 
sewage  is  distributed  over  the  land,  on  the  surface,  in  open  ditches  or 
channels,  or  else  it  is  discharged  into  porous  absorption  tiles,  laid  in 
more  or  less  regular  lines,  with  a  slight  fall,  and  at  a  depth  of  from  12 
to  16  inches  below  the  surface. 

Where  land  for  sewage  disposal  is  not  available,  a  good  purification 
may  be  effected  by  some  of  the  modern  biological  systems,  involving 
the  use  of  septic  tanks  for  a  preliminary  purification,  and  of  contact 
filter  beds  and  of  percolating  or  trickling  filters  for  a  more  thorough 
treatment  of  the  sewage.  This  subject  is  treated  more  fully  in  other 
works  of  the  author.     (See  list  at  end  of  book.) 

Agricultural  Drainage.  —  The  art  of  carrying  off  surplus  water 
from  swampy  districts,  from  hard  clay  soils,  or  from  land  subject 
to  excessive  flooding  during  rainy  weather,  is  usually  known  as 
"agricultural  drainage'';  it  is  of  much  benefit  to  vegetation  and  to 
crops. 

House  Drainage.  — Included  in  the  term  *' house  drainage"  are 
all  the  arrangements  required  in  habitations  for  the  removal  of  the 
sewage  and  the  befouled  water  supply.  A  speedy  removal  of  foul 
wastes  is  desirable,  and  to  accomplish  it  systems  of  drain,  soil, 
waste  and  vent  pipes  and  of  plumbing  fixtures,  with  traps  and  other 
appurtenances,  are  required.  In  many  cases  the  pipes  for  the 
removal  of  storm  water  from  roofs,  yards,  courts  and  areas  ai"e 
included  in  the  system. 

Of  late  years,  house  drainage  has  become  such  an  important 
factor  in  the  interior  equipment  of  buildings  as  to  render  it  desir- 
able or  preferable  to  leave  the  subject  to  be  dealt  with  by  educated 
and  skilled  civil  engineers  who  make  a  specialty  of  sanitary  work. 

Objects  and  Essentials  of  a  House-Drainage  System.  —  The  chief 
objects  of  a  sanitary  house-drainage  system  are  the  following: 

(a)  To  remove  from  a  building  as  rapidly  and  completely  as 
possible  and  as  soon  as  produced  all  liquid  wastes  and  waste  matter 
capable  of  being  transported  by  water,  including  faecal  matter, 
without  any  pollution  of  the  soil  or  of  the  water  supply. 
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(b)  To  effect  this  removal  in  such  a  way  that  no  sewer  air,  whether 
from  the  street  sewer  or  the  house  pipes,  can  gain  entrance  to  the 
interior  of  a  house  through  the  outlets  of  fixtures  or  at  any  other 
point  or  place,  and  that  the  air  around  the  house  may  not  be  con- 
taminated with  noxious  gases  of  putrefaction. 

To  accomplish  the  objects  stated,  it  is  necessary  to  provide  and 
install  sanitary  plumbing  appliances,  connected  with  a  well- 
arranged  and  perfectly  ventilated  soil-pipe  system;  the  fixtures  and 
waste  pipes  should  be  safely  trapped;  the  drain-pipe  system  should 
be  both  air  and  water  tight;  the  traps  and  pipes  used  should  be  of 
proper  material,  sizes  and  thicknesses;  the  drains  should  be  laid 
with  a  proper  fall  to  render  them  self-cleansing,  and  should 
have  branches  and  junctions  properly  made  to  prevent  stoppages. 
The  perfect  accessibility  of  all  parts  of  the  system  for  the 
periodical  inspection,  cleaning  and  testing  operations  is  an  essen- 
tial requirement. 

General   Arrangement  of   the   System   of   House 
Drainage. 

The  illustration,  Fig.  i,  shows  in  general  outlines  the  mariner 
in  which  the  drainage  of  a  house  should  be  arranged  in  accordance 
with  modern  principles  of  sanitation. 

Sewer  Connection.  —  Every  building  should  have  a  separate  and 
independent  connection  with  the  sewer  in  the  street. 

House  Sewer.  — Where  a  proper  foundation  of  either  eaiih  or 
rock  can  be  obtained,  the  house  sewer,  connecting  with  the  sewer  in 
the  street,  may  consist  outside  of  the  building  of  glazed  vitrified  or 
stoneware  pipe.  But  in  made  ground  or  where  there  is  danger  of 
settlement  of  the  pipes,  the  house  sewer  from  the  building  line  to 
the  connection  with  the  street  sewer  should  be  of  heavy  cast-iron 
pipe  with  lead-calked  joints.  In  all  cases  the  vitrified  pipe  should 
terminate  about  five  feet  outside  of  the  walls. 

House  Drain.  —  Inside  of  the  building  the  house  drain  should  be 
carried,  wherever  possible,  above  the  cellar  floor,  and  be  supported 
at  intervals  of  about  ten  feet  by  brick  piers;  in  some  cases  it  is  sus- 
pended from  the  ceiling  by  means  of  heavy  iron  pipe  hangers. 
When  laid  underground,  the  house  drain  should  consist  of  heavy 
cast-iron  pipe;  but  where  run  above  ground,  it  is  sometimes  made 
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of  tarred,  galvanized  or  asphalted  wrought  iron,  with  screw  joints 
and  recessed  drainage  fittings. 

The  house  drain  should  be  run  as  direct  as  possible,  and  with  a 
minimum  fall  of  one-quarter  inch  per  foot.  Proper  fittings  should 
be  used  for  changes  in  direction,  and  connections  with  vertical  soil 
and  waste  lines  and  with  leaders  should  be  made  with  Y  branches 
and  one-eighth  or  one-sixteenth  bends.  Full-size  Y  and  Tee- 
branches  with  openings  closed  with  brass  screw  caps  should  be 
provided  as  clean-outs. 

Sizes  of  House  Sewers.  —  The  diameter  of  the  house  sewer 
depends  chiefly  upon  the  grade  or  inclination  given  to  it  and  upon 
the  number  of  plumbing  fixtures  in  the  building.  But  where  it 
also  receives  the  rain  water,  the  size  of  the  lot  to  be  drained  and 
the  amount  or  rate  of  rainfall  govern  the  size. 

In  Greater  New  York,  for  instance,  the  sizes  of  house  sewers 
are  determined  upon  the  basis  of  a  rainfall  at  the  rate  of  6  inches 
per  hour,  and  it  is  assumed  that  the  house  sewer  runs  nearly  full, 
with  a  velocity  of  at  least  4  feet  per  second. 

Table  I  gives  the  area  of  lots  drained  by  different  sizes  of  pipe 
according  to  the  above  data. 

TABLE  I. 


Diameter  of  Pipe 
in  Inches. 

Grade  of  Sewer 
^i' per  foot. 

Grade  of  Sewer 
>i' per  foot. 

4^^ 

2000  sq.  ft. 

2500  sq.  ft. 

5' 

3000 

4500      " 

t" 

5000        " 

7500     •" 

f 

6900       " 

10300      " 

S'^ 

9100       " 

13600      " 

9" 

11600       " 

17400       " 

It  is  not,  however,  always  necessary  to  provide  for  such  extreme 
amounts  of  rainfall.  Generally,  small  houses  are  satisfactorily 
drained  by  4-inch  sewers;  a  s-inch  sewer  answers  for  a  large  city 
house,  and  6-inch  sewers  are  required  only  for  very  large  buildings. 
An  empirical  rule  requires  i  squarfe  inch  sectional  area  of  house 
drain  for  each  15  gallons  of  sewag^  or  roof  water  per  minute. 
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Regarding  the  maximum  volume  of  sewage  which  may  be  dis- 
charged through  a  house  sewer  of  a  large  building  provided  with 
a  large  number  of  fixtures,  only  approximate  estimates  can  be  made. 
To  arrive  at  a  fair  figure  one  should  consider  the  total  number  of 
fixtures,  assume  a  certain  number  of  gallons  for  the  discharge  of 
each,  and  further  assume  that  not  more  than  one-half  (or  one-fourth 
or  one-fifth  as  the  case  may  be)  of  the  total  number  would  be 
likely  to  be  emptied  simultaneously.  By  allowing  for  each  water- 
closet  discharge  6  gallons,  for  each  urinal  3,  for  each  lavatory  2, 
for  each  sink  4,  and  for  each  bath  tub  40  gallons,  the  volume  of 
sewage  may  be  calculated,  provided  one  also  takes  note  in  the 
calculation  of  the  time  required  for  the  emptying  of  these  fixtures. 
The  water-closet  will  discharge  the  quickest,  next  the  urinals,  basins 
and  sinks,  while  the  bath  tubs  will  require  more  time  in  emptying. 

For  buildings  covering  a  wide  area  it  is  better  to  provide  two 
or  more  6-inch  sewers  rather  than  have  one  8-  or  lo-inch  connec- 
tion. The  smaller  the  pipe,  the  larger  must  be  the  inclination  given 
to  secure  a  velocity  of  flow  sufficient  to  prevent  deposits. 

TABLE  II. 

Table  Giving  the  Discharge  of  Vitrified  and  Iron  House  Drains, 

of  Different  Diameters,  and  Laid  at  Various  Grades, 

in  U.  S.  Gallons  per  Minute,  Pipes  Running  Full. 


VITRIFIED  PIPES. 

IRON  PIPES. 

Kate 

of 

IncUna- 

tion. 

~i:xo~or" 

I  :  30  or 
W  per  ft. 

1 :  30  or 
2/5'  per  ft. 

Diameter  in  Inches. 

Rate 
of 
Inclina- 
tion. 

Diameter  in  Inches. 

4 

5 

6 

8 

4 

5 

6 

8 

271 

505 

840 

213S 

X :  10  or 

6/5*  per  ft. 

253 

472 

787 

2012 

192 

358 

596 

1521 

X :  20  or 
s  5' per  ft. 

179 

334 

558  1426 

157 

293 

486 

1236 

X  :  30  or 
2  r,'  per  ft. 

146 

274 

456 

II56 

X :  40  or 
3/iq*'perft^ 

X :  50  or 

!/<•  p€r  ft. 

135 

252 

420 

1061 

X :  40  or 

3  lo*  per  ft. 

127 

236 

394    998 

122 

227 

377 

966 

X  :  50  or 

1/4'  per  ft. 

114 

212 

353 

903 

X  ;  60  or 
1  5'  per  ft. 

III 

206 

344 

887 

X  :  60  or 
I '5*  per  ft. 

103 

193 

322 

824 

X :  70  or 
W^pcr  ft. 

I  :  80  or 
Vf  per  ft. 

103 

192 

318 

808 

I  :  70  or 
1/6*  per  ft. 

97 

179 

299    760 

95 

179 

298 

760 

X  :  80  or 

1  r  PV  ft- 

90 

168 

279    713 

X :  xoo  or 
Vs'  per  ft. 

86 

160 

266 

681 

X  :  XOO  or 
i/g»perft. 

79 

149 

249 

634 

I :  aoo  or 
VwTperft. 

60 

112 

189 

475 

I  :  aoo  or 
1/18*  per  ft. 

57 

106 

176 

444 
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Discharge  of  Hotise  Drains.  —  The  comparative  smoothness  of 
the  inside  of  house  drains  has  an  influence  upon  their  discharging 
capacity.  Smooth  vitrified  pipes  deliver  more  water  than  rough 
cast-iron  pipes.  Table  II  gives  the  discharge  m  U.  S.  gallons 
per  minute  of  smooth  vitrified  and  of  rough  cast-iron  pipes  of  differ- 
ent diameters,  laid  at  various  grades,  and  running  full. 

Where  sufficient  fall  cannot 'be  obtained,  flushing  arrangements 
should  be  provided.  House  sewers  should  have  tight  joints  to  prevent 
leakage  and  contamination  of  the  soil  under  and  around  habitations, 
or  the  pollution  of  the  drinking-water  in  wells  in  the  country. 

Main  Running  Trap  and  Fresh-air  Inlet.  — A  running  or  house 
trap  should  be  placed  on  the  house  drain  near__the  front  wall  and 
be  kept  accessible  by  means  of  a  manhole  with  iron  cover.  This 
trap  should  have  two  clean-outs  with  brass  screw  caps,  one  on  each 
side  of  the  water  seal. 

A  fresh-air  inlet  pipe  should  connect  with  the  house  drain  on  the 
house  side  of  the  trap  and  be  extended  to  a  point  outdoors  at  least 
fifteen  feet  away  from  a  window  or  from  a  cold-air  box  or  conduit 
for  the  heating  apparatus.  Where  practicable,  the  fresh-air  inlet 
should  terminate  one  foot  or  more  above  grade  level,  and  be  fitted 
with  a  quarter  bend  with  brass  strainer -(such  as  Desper's  fresh-air 
inlet  strainer).  In  many  cases  this  desirable  arrangement  is  not 
feasible,  and  the  fresh-air  inlet  is  made  to  open  into  a  brick  or  iron 


Fig.  2.  Objectionable  Arrangement  of  Fresh-air  Inlet. 


box  in  the  sidewalk  flagstones,  and  is  fitted  with  removable  metal 
grating,  leaded  into  the  ston^,  with  openings  equal  in  area  to  that 
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of  the  fresh-air  pipe,  and  not  less  than  i  inch  in  their  least  dimen- 
sion (Fig.  2). 

It  has  been  found  a  difl&cult  matter  to  prevent  the  stopping  up 
of  these  fresh-aif  inlet  gratings.     In  Figs.  3,  4  and  5  are  illustrated 


Fio.  3.   Arrangement  of  Fresh-air  Inlet. 

some  suggestions  for  the  arrangement  of  fresh-air  inlets,  which 
show  methods  by  which  obstructions  and  stoppages  may  be  pre-' 
vented.  Fig.  6  shows  a  fresh-air  inlet  located  near  an  iron  fence 
and  hidden  from  sight  by  shrubbery.  It  is  provided  with  a  new 
style  of  fitting,  shown  on  a  larger  scale  in  Fig.  7,  which  is  manu- 
factured by  the  Hydraulic  Specialty  Company  of  Philadelphia,  It 
provides  a  flushing  rim  inside  of  the  air  inlet,  and  by  running  a 
supply  pipe  to  it,  controlled  inside  of  the  house  by  a  stopcock,  the 
flushing  of  the  fitting  and  of  the  inclined  portion  of  the  air  inlet 
pipe  may  be  effected. 

A  similar  device  in  use  by  the  plumbing  department  of  the  New 
York  Board  of  Education  consists  of  an  iron  box  set  in  the  side- 
walk with  flushing  connection.  Another  method  is  shown  in 
Fig.  8,  and  consists  of  an  automatic  tank  set  in  the  cellar,  which 
controls  the  supply  to  the  fresh-air  inlet  pipe,  and  which  can  be  set 
to  flush  at  regular  intervals  as  desired.  This  latter  method  has 
been  suggested  by  the  J.  L.  Mott  Iron  Works. 

The  fresh-air  inlet  constitutes  a  foot  ventilation  for  the  soil-pipe 
system  at  its  lowest  point,  and  serves  to  induce  a  circulation  of  air 
through  the  house  pipes.  The  mouth  of  the  fresh-air  inlet  pipe 
should  always  be  placed  at  some  distance  from  the  building. 

Where  street  sewers  are  constructed  in  accordance  with  a  well- 
conceived  plan,  and  where  they  are  well  flushed  and  ventilated, 
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Fig.  4.   Arrangement  of  Fresh-air  Inlet. 


Fig.  5.   Arrangement  of  Fresh-air  Inlet. 
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Fig.  6.   Arrangement  for  Flushing  Fresh-air  Inlet. 
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Fig.  7.   Fitting  Used  for  Flushing  Fresh-air  Inlet. 


Fio.  8.  Arrangement  for  Flushing  the  Fresh-air  Inlet. 
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and  the  house  piping  tested  to  secure  absolute  tightness,  it  is  better 
to  omit  the  main  house  trap  and  the  fresh-air  inlet.  In  such  case 
the  soil-pipe  system  receives  air  from  the  ventilating  manholes  on 
the  line  of  the  street  sewer. 

f'^  Drainage  of  Yards,  Areas  and  Courts.  —  All  yards,  areas  and 
courts  should  be  paved  and  drained  by  pipes  not  less  than  three 
inches  in  diameter,  and  these  pipes  should  be  trapped  and  the 
traps  set  in  the  cellar. 
Cellar  Drains.  —  Cellar  drains  should  be  permitted  only  where 
they  can  be  connected  with  a  trap  having  a  permanent  water  seal. 
Leader  or  Rain-water  Conductor  Pipes.  —  All  city  buildings 
should  be  provided  with  metal  leaders  of  proper  size  for  conducting 
the  roof  water  into  the  sewer,  thereby  protecting  the  walls  and 
foundations  from  injury.  The  water  from  leaders  should  not  be 
permitted  to  flow  over  the  sidewalk.  When  leaders  are  placed 
inside  of  houses,  they  should  be  made  of  cast-iron,  wr6ught-irori  or 
steel  pijxe,  and  their  connections  with  the  roof  should  be  made  air 
and  water  tight  by  means  of  heavy  lead  or  copper  tubing,  soldered 
to  a  brass  ferrule  or  nipple,  which  in  turn  is  calked  or  screwed  into 
the  iron  pipe. 

Outside  leaders  usually  consist  of  sheet  metal,  either  copper  or 
galvanized  iron,  except  that  their  connection  with  the  house 
drain  is  made  by  means  of  cast-  or  wrought-iron  pipe  run 
to  a  height  of  at  least  five  feet  above  grade  level.  All  leaders 
should  be  trapped  with  running  traps  so  placed  that  they  cannot 
freeze.  Rain-water  leaders  should  never  be  used  as  soil,  waste  or 
vent  pipes,  and  none  of  these  pipes  should  ever  be  used  as 
leaders. 

Sizes  of  Leaders.  — The  usual  sizes  of  leader  pipes  are  3,  4,  5 
and  6  inches;  larger  sizes  are  rarely  used.  The  diameter  and  the 
number  of  vertical  leaders  for  a  given  roof  area  cannot  be  calculated 
by  hydraulic  formulae. 

An  empirical  rule,  which  I  have  used  with  success,  is  to  allow 
I  square  inch  sectional  area  of  leader  pipe  to  from  70  to  150  square 
feet  of  roof  surface,  this  depending  upon  the  amount  of  rainfall 
and  the  slope  of  the  roof. 

Others  allow  i  square  inch  sectional  area  of  leader  to  250  square 
feet  of  projected  roof  surface. 
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Thus  a  roof  75  feet  by  50,  or  3750  square  feet  area,  would  require 

^7So  3750 

in  the  one  case  ^^-^  =  25  square  inches,  and  in  the  other  ~ = 

150  250 

15  square  inches  leader  area,  or  in  one  case  a  6-inch,  in  the  other 

a  4i-inch  pipe. 

Location  of  Main  House  Sefwer.  —  It  is  the  better  practice  to  carry 
house  drains  exposed  above  the  level  of  the  cellar  floor;  hence 
plumbing  fixtures  located  in  the  cellar  should  be  avoided.  The 
drain  pipes  should  consist  of  heavy  iron  pipe,  either  cast-iron 
plumbers'  soil  pipe  or  heavy  screw- jointed  wrought-iron  pipe.  Cast- 
iron  pipes  above  the  cellar  floor  should  be  left  unpainted  and 
untarred,  for  the  paint  and  the  tar  cover  up  sand  holes  and  other 
defects.  The  wrought-iron  pipes  are  protected  against  rust  by 
asphalting  or  galvanizing. 

Junctions  and  connections  should  be  made  with  Y  branches, 
for  right-angled  or  Tee  connections  impede  the  flow  and  tend  to 
create  stoppages.  Changes  in  dir^tion  should  be  made  under  an 
angle  of  45  degrees.  No  short  quarter  bends  should  be  used. 
Cleaning  hand-holes  should  be  provided  at  traps,  bends,  junctions, 
and  at  the  upper  ends  of  the  lines. 

Soil  and  Waste  Pipes.  —  The  soil  and  waste  pipe  system  of 
buildings  consists  of  extra  heavy  cast-iron  pipes,  or  of  steel  or 
wrought-iron  pipes,  or  finally,  though  only  in  rare  cases,  of  brass. 
The  wrought-iron  and  steel  pipes  are  galvanized,  and  special 
heavy  cast  or  malleable  iron  recessed  drainage  fittings  with 
a  smooth  interior  waterway  are  used  with  them.  The  joints  of 
cast-iron  pipe  are  calked  gas-tight  with  molten  lead  and  picked 
oakum;  the  joints  of  wrought-iron,  steel  and  brass  pipes  are  screw 
joints. 

The  advantages  of  a  screw- jointed  soil  and  waste  pipe  system  are 
rigidity,  permanent  tightness  of  the  joints,  and  fewer  joints,  as  the 
pipes  can  be  used  in  long  lengths.  In  large  and  in  high  buildings 
the  screw- jointed  system  is  now  generally 'preferred,  but  it  is  also 
used  in  many  of  the  best  modern  city  residences. 

Sizes  of  Soil  and  Waste  Pipes.  —  Table  III  gives  the  usual  sizes 
of  soil  and  waste  pipes  and  of  the  lateral  branches  for  the 
fixtures. 
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TABLE  in. 


Main  Soil  Pipes  in  Dwelling-Houses 

4  inches.  { 

"            "      in  large  Buildings  of  more  than  4  stories,  and 
in  Tenements,  Factories,  Schools,  Hospitals 
for  Insane,  etc 

5       ' 

Waste  Pipes  in  Dwellings 

2       * 

"         "      in  Buildings  of  more  than  4  stories 

3       ' 

Branches  for  Water-closets   

4       * 

"          "     Slop  Sinks 

3       * 

"          "     Kitchen  Sinks 

2       * 

"         "     Pantrv  Sinks 

1^2' 

"         "     Bath  Tubs 

2    ' 

"          **     Snrav   Douche  or  Needle  Baths 

3    ' 

**     Foot  Tubs,  Sitz  Tubs,  Bidets 

1   li    ' 

**          "     Single  Wash  Basins 

'i.i 

**          "     Row  of  Wash  Basins 

2         * 

"          "     Set  of  Laundry  Tubr, 

2         * 

"          "     Each  Washtub 

li   ' 

"         "     One  Urinal 

li   ' 

*'          "     Row  of  Urinals 

2          * 

i 

*'          "     Stall  Urinals   in  niche  form,  and  Trough 
Urinals 

3     " 

Roof  Extensions.  —  To  prevent  any  pressure  of  air  in  the  pipes, 
and  to  ventilate  the  system,  all  soil  and  waste  pipes  are  extended 
in  full  size  up  to  and  at  least  two  feet  above  the  roof.  Vent 
extensions  at  the  roof  should  always  be  carried  either  in  a  ver- 
tical line  or  by  45-degree  offsets,  as  shown  in  Fig.  9.  The 
mouths  of  the  pipes  on  the  roof  should  not  be  capped  with  cowls, 
return  bends  or  with  vent  caps  (Fig.  10)  all  of  which  impede  free 
ventilation.  It  is  best  -to  ^leave  the  pipe  mouths  wide  open  and 
unobstructed.  The  pipes  should  be  kept  away  from  light  shafts, 
from  windows,  chimney  flues  or  ventilating  openings.  The  stacks 
should  be  carried  as  straight  as  possible  through  the  building. 
On  all  floors  the  proper  fittings  should  be  provided  for  fixture 
connections.     The  necessary  offsets  in  soil  pipes  above  the  highest 
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fixtures,  and  all  offsets  in  vent  pipes,  should  be  made  at  an  angle  of 
not  less  than  45  degrees  to  the  horizontal,  to  prevent  the  lodgment 
of  rust  in  the  pipe. 


Fio.  10.  Objectionable 
Forms  of  Vent  Ter- 
minals. 


Fio.  9.   Offset  on  Vent  Pipes. 

Branches,  for  Fixtures.  —  Lead  waste  pipes  of  heavy  weight  a^e 
used  only  for  the  short  branches  connecting  the  fixtures  with  the 
soil  and  waste  lines.  Where  practicable,  ihe  fixtures  should  have 
separate  connections  to  the  vertical  stacks. 

Plumbing  Regulations.  —  In  many  cities,  plumbing  is  now  gov- 
erned by  regulations  and  watched  over  during  construction  by  city 
inspectors.  The  enforcement  of  official  plumbing  regulations  and 
the  municipal  inspection  of  plumbing  are  matters  of  much  impor- 
tance and  will  be  dealt  with  in  Chapter  III. 
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Tests  of  Plumbing.  —  All  work  should  be  tested  to  guard  against 
defects  in  material  or  workmanship.  The  soil,  drain,  waste  and 
vent-pipe  system,  or  the  "rough  work"  in  new  buildings,  is  tested 
under  hydrostatic  pressure  by  closing  all  outlets  before  the  fixtures 
are  set  and  filling  the  pipe  system  with  water.  The  complete  work 
is  again  tested  by  an  oil-of-peppermint  test  or  by  a  smoke  test. 
Such  tests  are  also  useful  in  the  examination  of  the  drainage  arrange- 
ments of  old  dwellings. 

Smoke  Test.  —  There  are  several  efficient  smoke  testing  machines 
in  the  market  and  some  of  the  best  known  are  illustrated  in  my 
book  "Sanitary  Engineering  of  Buildings.'* 

In  Fig.  Ill  illustrate  the  "Monitor"  testing  machine,  which  is 
one  of  the  latest  introduced,  and  which  I  have  foimd  free  from 
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Fig.  II.   Smoke  Testing  Machine. 


complications,  reliable  in  operation  and  simple  in  action.  It  is 
compact  and  durable  in  construction,  the  body  being  made  entirely 
of  copper  with  riveted  head  and  bottom,  and  the  inside  chamber 
of  heavy  galvanized  sheet  steel.  It  is  easily  handled  and  can  be 
readily  carried  through  a  house. 

The  smoke  generated  in  this  machine  is  forced  into  all  parts  of 
the  soil,  waste  and  vent  pipes  by  a  brass  force  pump  which  is  easily 
operated,  and  which  maintains  any  pressure  desired  in  the  pipes 
after  they  are  filled  with  smoke. 
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The  machine  is  made  in  several  sizes,  and  the  smallest  is  suffi- 
cient to  fill  the  pipe  system  of  a  four-story  dwelling-house  in  a  few 
minutes.  It  is  provided  with  a  gauge  to  indicate  when  the  pipes 
are  filled  and  to  prevent  the  blowing  out  of  the  traps.     All  parts 
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Fig.  12.   Application  of  the  Smoke  Test. 

-  of  the  machine  are  readily  accessible  for  cleaning,  and  none  of  the 
working  parts  are  liable  to  clog  up. 

The  machine  can  also  be  used  for  disinfecting  purposes  by  sub- 
stituting for  the  chamber  in  which  the  smoke  is  generated  from  burn- 
ing tar  paper  a  separate  chamber  containing  the  required  chemical 
disinfectants. 

The  practical  application  of  the  smoke  test  for  testing  the  drainage 
of  buildings  is  shown  in  Fig.  12. 
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Cellar  Drainers.  —  When  small  quantities  of  clean  subsoil  'Jvater 
are  to  be  removed  by  lifting  them  up  to  the  higher  sewer  level, 
simple  cellar  drainers  are  used,  which  generally  operate  by  water 
pressure,  though  sometimes  high-pressure  steam  is  used  in  con- 
nection with  steam  ejectors. 

The  Braender  cellar  drainer  has  the  following  capacities  with  a 
maximum  lift  of  12  feet: 

No.  I.      375  gallons  per  hour. 
No.  2.      600  gallons  per  hour. 
No.  3.     1275  gallons  per  hour. 
It  requires  for  every  foot  of  lift  about  5  pounds  pressure.    The 
Kemp  "Climax"  cellar  drainer  operates  with  a  water  pressure  of 
15  pounds  or  more,  and  the  sizes  and  capacities  are  given  in  the 
following  Table  No.  IV. 

TABLE    IV. 
Capacities  of  Cellar  Drainers. 


Sizes. 

Capacity  in  Gallons 
per  Hour. 

Size  of  Supply 
in  Inches. 

Size  of  Discharge 
in  Inches. 

I    • 

50  to    250 

h 

I 

2 

100  to    4CO            !               1 

ii 

3        1               150  to    600            1             I                \     s          I J 

4        1               200  to    800            1             i\             1               2 

5           1                     275   to    1000                 1                   li                   1                     2\ 

6 

350  to  1200            \             2                1               .^ 

The  water  pressure  required  ranges  from  15  to  80  pounds,  and  the 
lift  from  6  to  12  feet. 


Sewage  Pumps  and  Automatic  Sewage  Lifts. 

The  foundations  of  many  modern  city  buildings  reach  so  deep 
below  the  street  grade  as  to  render  it  impossible  to  drain  the  lowest 
fixtures  or  the  lowest  floors  by  gravity  flow  to  the  street  sewer.  In 
such  cases  recourse  must  be  had  to  the  pumping  of  the  sewage,  and 
this  can  be  accomplished  in  various  ways. 

Sewage  Pumps.  —  The  sewage  may  be  lifted  from  the  level  of  the 
basement  or  sub-basement,  as  the  case  may  be,  to  the  gravity  sewer 
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on  the  higher  level  by  pumps,  which  are  generally  made  automatic, 
and  which  in  cases  where  electric  current  is  available  are  operated 
electrically.  The  choice  of  the  style  of  pump  depends  upon  the. 
character  of  the  waste  water  to  be  lifted.  Where  this  is  merely 
clean  waste  water,  drips  from  machinery,  etc.,  piston  pumps  may 
be  used.  Where  sewage  containing  much  coarse  suspended  matter, 
grease  and  excrements  must  be  lifted,  such  pumps  can  be  used  only 
if  the  sewage  is  carefully  screened,  which,  in  city  buildings,  would 
lead  to  undesirable  conditions.  Where  the  waste  matters  contain 
chemicals  in  large  quantities,  particularly  acids,  piston  pumps  are 
not  advisable.  The  majority  of  such  plants  make  use  of  centrif- 
ugal pumps  (Fig.  13),  which  are  particularly  adapted  to  low  lifts 
but  which  in  recent  years. have  been  so  modified  as  to  make  them 


Fig.  13.  View  of  Lawrence  Centrifugal  Sewage  Pump. 

also  adapted  to  higher  lifts.  These  pumps  are  made  automatic  by 
placing  a  float  in  the  sewage  receiving  tank  and  connecting  it  by 
means  of  pulleys  to  an  automatic  starting  device. 

In  all  cases  a  receiving  tank  or  reservoir  for  the  waste  water  or 
sewage  must  be  provided,  and  this  should  be  made  of  generous  size. 
It  is  set  up  either  on  the  same  floor  level  witp^he  pump,  or  else  it 
is  located  below  the  level  of  the  lowest  floor  in  cases  when  it  is 
necessary  to  drain  this  floor.  The  former  location  is  much  to  be 
preferred,  psLVt'^ulaxiff^K^he  case  of  centrifugal  pumps,  because 
set  up  in  this  way  the'  pump  always  remains  primed,  and  requires 
no  foot  valve  and  no  special  devices  to  be  operated  by  hand  or 
automatically  for  the  purpose  of  charging  the  pump  and  starting  it. 
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Where  sump  tanks  below  the  cellar  floor  must  be  used,  it  is  now 
usual  to  install  submerged  centrifugal  pumps,  and  in  this  way  the 
difficulties  mentioned  above  may  be  overcome.  The  motor  driv- 
ing these  pumps  is  set  up  directly  vertically  over  the  pump,  and  the 
two  are  connected  by  a  direct  vertical  shaft.  A  foot  valve  on  the 
suction  of  the  pump  is  not  required  for  submerged  pumps,  and 
thus  another  troublesome  feature  of  these  systems  is  avoided. 
The  drawback  is  that  the  pump  cannot  be  reached  for  inspection 
and  repairs  without  drawing  it  up. 


Fig.   14.   View  of  Quimby  Submerged  Centrifugal  Pump. 


Among  the  many  submerged  centrifugal  pumps  used  for  the  pur- 
pose of  draining  basement  sump  pits  the  Quimby  sump  pump  is 
one  of  the  latest  and  best.  It  is  shown  in  Fig.  14,  and  is  usually 
installed  with  float  valve  and  automatically  operating  switch. 
This  pump  runs  with  very  little  attention,  except  occasional 
oiling,  and  it  is  constructed   with   a  view   of  handling  not  only 
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water  but  also  water  containing  more  or  less  coarse  solid  matter 
and  grit. 

One  of  the  advantages  of  submerging  a  centrifugal  pump  is, 
as  stated  above,  that  it  does  away  with  special  priming  arrange- 
ments and  with  foot  valves.  In  this  style  of  pump  the  bearing 
which  carries  the  vertical  shaft  on  which  the  impeller  is  fastened 
is  located  at  the  level  of  the  sump  pit  cover  and  not  at  the  pump, 
below  the  water  line.  It  is  ball-bearing  and  has  a  large  oil  recep- 
tacle for  lubrication.  Diagonal  braces  serve,  as  shown,  to  obtain 
rigidity  of  the  vertical  shaft. 

The  pump  is  attached  rigidly  to  a  plate  forming  a  part  of  the 
cover  of  the  sump  pit.  By  lifting  the  iron  plate  cover  the  pump  is 
simultaneously  lifted  out  bodily,  and  in  this  way  all  its  vital  parts 
are  easily  accessible  at  all  times.  The  pumps  are  made  in  sizes 
varying  from  30  to  250  gallons^  capacity  per  minute.  In  determin- 
ing the  size  of  pump  and  motor,  one  should  know  or  calculate  the 
amount  of  water  to  be  lifted,  the  total  vertical  distance  between 
bottom  of  sump  pit  and  high-level  sewer,  also  the  length  and  size 
of  the  discharge  pipe,  and  the  number  and  kind  of  bends  in  the 
discharge  line. 

Sewage  tanks  should  always  be  provided  with  a  large-sized  vent 
pipe  to  the  roof,  and  likewise  *with  a  separate  fresh-air  inlet  for 
ventilating  purposes.  It  does  not  seem  to  be  advisable  to  intersect 
the  sump  vent  into  any  of  the  regular  vent  stacks  for  the  plumbing 
of  the  upper  floors. 

The  tanks  are  usually  made  of  boiler  iron,  and  may  be  either 
closed  or  open  tanks.  The  closed  tanks  are  somewhat  preferable, 
chiefly  where  sewage  enters  the  tank.  For  clean  wastes  the  tank 
may  have  a  removable  cover. 

Automatic  Sewage  Lifts.  —  Several  styles  of  apparatus  for  lifting 
larger  volumes  of  sewage  automatically  from  a  low  to  a  higher 
level  have  come  into  use  in  recent  years.  The  first  one  introduced 
into  this  coimtry  was  the  Shone  sewage  lift  or  ejector,  an  English 
invention  of  much  merit.  It  consists  essentially  of  a  tight  cast- 
iron  receiver  for  the  sewage,  provided  with  inlet  and  discharge  pipes, 
and  with  float,  which  operates  automatically  in  opening  and  closing 
an  air  valve,  by  which  compressed  air  from  a  storage  tank  is  admitted 
to  the  ejector.    The  compressed  air  acts  directly  upon  the  accumu- 
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lated  liquid  and  ejects  it  into  the  discharge  main.  There  are  no  other 
mechanical  parts  to  the  system.  The  discharge  is  accomplished 
quickly  and  generally  quite  noiselessly.  The  ejectors  are  tightly 
closed  receptacles,  and  hence  there  is  no  smell  from  the  sewage. 
The  entire  operation  is  automatic,  and  there  is  very  little  to  get  out 
of  order  in  such  apparatus.  To  guard  against  any  interruption  of 
the  flow,  and  to  enable  the  making  of  repairs  if  such  should  become 
necessary,  it  is  always  advisable  to  install  the  ejectors  for  sewage 
in  duplicate  as  for  instance  in  Figs.  i6  and  17. 

The  size  of  the  receivers  for  sewage  depends  somewhat  upon  the 
quantity  of  sewage  to  be  dealt  with  per  minute.  It  is  my  experi- 
ence that  a  small  apparatus,  or  several  of  these,  set  up  in  battery 
form  as  shown  m  Figs.  20  and  21,  accomplish  the  work  much  better, 
and  possibly  more  economically,  than  very  large  ejectors.  The 
emptying  of  the  ejectors  does  not  take  very  long,  and  they  are  at 
once  ready  to  receive  more  sewage.  Where  the  flow  is  intermittent 
but  at  times  very  large,  it  seems  desirable  to  provide  a  receiving 
tank,  into  which  the  sewage  flows  first  and  from  which  it  goes  into 
the  ejectors  as  shown  in  Figs.  22  and  23. 

The  sewage-lifting  plant  requires  a  pit  in  which  the  ejectors 
stand,  one  or  preferably  two  air  compressors  and  a  storage  tank 
for  compressed  air.  The  air  compressors  may  be  operated  by 
steam  or  by  electric  power,  and  they  may  be  belt-driven  or  direct- 
acting.  The  air  pressure  provided  to  lift  the  sewage  is  usually 
about  40  poimds,  but  it  may  be  compressed  to  a  higher  pressure  in  the 
storage  tank,  in  which  case  a  pressure-reducing  valve  should  be 
placed  on  the  air  pipe.  In  practice  it  is  found  that  a  pressure  of 
two  pounds  is  required  for  every  foot  of  vertical  lift. 

The  sewage  tanks  may  also  be  arranged  to  operate  by  hand,  but 
in  that  case  they  should  be  built  of  somewhat  larger  dimensions. 
The  essential  feature  of  automatic  plants  is  the  air  valve,  which 
should  operate  positively,  quickly  and  quietly. 

Fig.  15  shows  a  Shone  sewage  ejector  in  section,  and  Figs.  16 
and  17  show  the  manner  in  which  ejectors  are  fitted  up  in 
duplicate. 

A  plan  showing  the  usual  arrangement  of  the  sewers,  drains, 
location  of  ejectors,  etc.,  is  given  in  Fig.  18.  It  is  slightly  modified 
from  a  plan  accompanying  a  description  of  the  Shone  system  as 
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Fig.  15.   Section  of  Shone  Sewage  Ejector. 


applied  to  city  buildings.  For  the  sake  of  simplicity,  only  the  sani- 
tary sewers,  surface  drains,  blow-offs  from  boilers,  and  a  few  drips 
leading  into  the  surface  basins  are  shown,  but  this  is  sufficient  to 
indicate  the  principles  involved.  The  following  is  an  abstract  of 
the  description: 

**In  buildings  in  cities  the  ejectors  are  usually  located  in  some  central 
position,  and  the  compressing  machinery  in  the  engine  room  or  wherever 
convenient.  It  is  preferable  to  have  the  latter  placed  where  it  can  be 
seen  by  the  engineers-in-charge  while  they  go  about  their  duties,  as  the 
normal  action  of  the  compressing  machinery  is  a  sure  index  of  the  like 
action  on  the  part  of  the  ejectors  themselves. 

'*The  ejectors  are  placed  at  such  a  depth  that  aft  ample  fall  can  be 
given  to  all  sewers  and  drains. 

**The  sanitary  sewers  are  carried  directly  to  the  ejectors.  Clean-outs 
provided  with  air-tight  screw  plugs  are  placed  in  these  sewers  at  regular 
intervals.  The  manholes  shown  do  not  connect  with  the  sewers  them- 
selves, but  are  merely  to  give  access  to  these  rodding  holes. 


Discharge 


Fig.  i6.   Plan  of  Shone  Sewage  Ejectors. 


Fig.  17.   Elevation  of  Shone  Sewage  Ejectors. 
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"The  surface  drains  are  not  continuous,  but  run  into  and  out  of  the 
surface  basins.  There  is  no  objection  to  this  from  a  sanitary  point  of 
view,  as  the  contents  of  these  drains  are  innocuous,  but  the  surface  basins 
nevertheless  may  be,  and  frequently  are,  fitted  with  covers  which  are 
practically  air-tight.  The  surface  drains  all  converge  to  a  catch-basin 
in  the  neighborhood  of  the  ejectors,  which  communicates  with  the  main 
sanitary  sewer  by  means  of  "one  connection  fitted  with  a  trap  and  back- 
water valve.  The  blow-off  basin  likewise  communicates  with  the  main 
sanitary  sewer  in  the  same  manner. 

"The  sanitary  system  is  usually  kept  distinct  from  all  others,  but  all 
the  liquid  wastes  of  the  building  of  whatever  description  (excepting  such 
as  originate  at  an  elevation  sufl5cient  to  enable  them  to  flow  off  by  gravi- 
tation with  certainty  at  all  times,  no  matter  what  conditions  may  prevail 
in  the  street  sewer)  should  be  led  to  the  ejectors,  whether  it  be  thought 
necessary  to  collect  them  into  distinct  systems  or  not. 

"The  discharge  pipe  from  the  ejectors  can  be  led  up  to  and  along 
the  basement  ceiling  and  down  to  the  street  sewer,  but  it  is  preferable 
to  lay  it  under  the  basement  floor  to  the  curb  wall  and  from  there  up 
into  the  street  sewer.  It  should  be  run  independently  of  all  others, 
as  in  case  of  any  obstruction  in  it  or  the  street  sewer  the  ejectors 
would  be  liable  to  force  the  sewage  back  and  up  any  pipes  that  might 
be  connected  to  it. 

"The  air-pressure  and  air-exhaust  pipes  have  merely  to  be  run 
in  the  most  convenient  manner,  and  require  no  special  description. 
The  latter,  however,  which  is  for  the  purpose  of  providing  a  means 
whereby  the  exhaust  air  can  escape  to  the  outside  of  the  building,  need 
seldom  to  be  run  the  whole  way  independently,  as  it  can  generally  be 
connected  to  a  flue  from  the  boilers  or  to  some  vapor  pipe  or  ventilat- 
ing duct. 

"Whenever  it  is  possible  to  spare  the  room,  ejector  chambers  should 
be  left  open,  or  at  least  partially  so,  and  surrounded  by  a  coping  and 
railing.  The  object  of  this  is  to  allow  the  ejectors  to  be  seen,  as  there 
is  no  reason  why  they  should  not  be  kept  as  clean  and  be  well  taken 
care  of  as  any  other  class  of  machinery,  and  this  is  far  more  likely  to  be 
the  case  when  they  are  visible  than  if  covered  up  and  out  of  sight.  If 
absolutely  necessary,  however,  th«  chamber  can  be  entirely  covered  and 
merely  an  entrance  left,  which  can  be  closed  with  an  ordinary  manhole 
cover. 

"Ejector  chambers  are  usually  circular  in  plan  and  they  can  be  built 
in  a  variety  of  ways,  but  they  are  generally  constructed  either  of  brick 
in  cement  or  of  tank  steel.  The  latter  form  is  used  where  the  ground  is 
bad  or  where  there  is  much  water  to  contend  with  during  construction, 
as  unless  the  conditions  are  favorable  great  care  is  required  in  the  con- 
struction of  brick  chambers  in  order  to  obtain  water-tight  work." 
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There  are  several  other  similar  devices  which  require  brief 
mention.  One  is  the  Ellis  ejector  or  sewage  lift  (Fig.  19),  the  other 
the  Ansonia  sewage  ejector  (Fig.  24).  Both  of  these  appliances 
may  be  operated  either  by  means  of  compressed  air  or  by  steam, 
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Fig.  19.  View  of  Ellis  Sewage  Lift. 

and  they  are  also  made  as  combination  apparatus  for  both  steam 
and  air. 

My  personal  preference  is  for  a  compressed-air  apparatus.  I 
believe  the  steam  ejectors  to  be  more  or  less  wasteful  of  steam; 
moreover,  a  discharge  of  steam  into  the  street  sewers,  which  cannot 
be  wholly  avoided,  is  not  to  be  advised,  and  in  some  cities  it  is  very 
properly  prohibited  by  rules  of  the  sewer  department.  The  hot 
steam  mingling  with  the  sewage  and  excrementitious  matter  is  also 
liable  to  cause  bad  odors,  though,  of  course,  with  a  tight  apparatus 
these  would  not  be  noticeable  inside  of  a  building.  The  com- 
pressed-air discharge  is  also  preferable  because  it  gives  a  full  water- 
way in  the  discharge  pipe.     The  very  best  kind  of  check  valves 
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should  be  used  with  these  apparatus.  These  and  the  automatic 
air  valves  are  liable  at  times  to  give  some  trouble,  but  there  are  no 
other  moving  parts,  and  herein  consists  one  of  the  advantages  of 
sewage  lifts. 

Both  the  Ellis  and  the  Ansonia  sewage  lifts  follow  closely  the  idea 
of  the  Shone  apparatus  as  regards  the  use  of  compressed  air,  and 
they  differ  from  it  chiefly  in  the  construction  of  the  air  valve  used, 
also  in  the  fact  that  the  receivers  are  usually  of  wrought  iron  instead 
of  cast  iron. 

In  Figs.  20  and  21  I  show  in  plan  and  elevation  an  installation  of 
four  Ellis  sewage  ejectors  as  put  in  under  my  direction  for  the 
St.  Regis  Hotel  in  New  York  City.  These  smaller  tanks  replaced 
one  large  sewage  tank  which  failed  to  operate  properly  at  all 
times. 

Figs.  22  and  23  show  in  plan  and  elevation  another  plant  designed 
by  me  for  an  addition  to  the  same  hotel.  The  receiving  tank, 
mentioned  heretofore,  is  a  feature  of  this  installation  which  has 
worked  very  successfully  for  several  years. 

Fig.  24  shows  an  Ansonia  ejector  installation  erected  from  my 
plans  for  a  municipal  building  in  New  York  City.  This  is  a  com- 
bination compressed  air  and  steam  ejector  plant. 

There  is  another  sewage-lifting  system  which  is  different  in  prin- 
ciple from  the  Shone  system,  and  which  is  called,  after  its  original 
inventor  in  England,  the  "Adams  "  sewage  lift.  It  has  been  modi- 
fied somewhat  by  Mr.  Priestman,  C.  E.,  of  Philadelphia,  and  is 
made  by  Merritt  &  Co.  of  that  city.  This  device  operates , 
on  a  different  principle,  and  differs  from  the  three  others  in  not 
requiring  any  air  compressors  and  air-storage  tanks.  Fig.  25 
shows  the  chief  elements  of  the  system,  which  is  composed  of  several 
tanks.  The  air  pressure  necessary  to  lift  the  sewage  is  obtained  by 
the  head  of  water  from  a  tank  on  a  higher  level,  which  discharges 
by  means  of  a  siphon  into  a  lower  tank  and  compresses  the  air. 
The  system  is  somewhat  more  complicated  than  the  others  described, 
but  it  also  has  some  advantages.  Where,  however,  the  water 
required  to  operate  the  air  tank  has  to  be  pumped,  it  does  not  appear 
to  me  that  the  system  has  any  advantages  over  the  direct  pumping 
of  the  sewage  by  centrifugal  pumps. 
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PLAN 


Fig.  22.   Showing  Arrangement  of  Ansonia  Sewage  Lift  at  Addition  to  Hotel  St.  Regis. 


Fig.  23.   Elevation  of  Sewage  Lifts  Shown  in  Plan  in  Fig.  22. 
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Fig.  25.   Arrangement  of  Adams  Sewage  Lift. 


Trapping  the  Fixtures. 

An  essential  requirement  of  a  system  of  house  drainage  is  the 
safe  trapping  of  the  plumbing  fixtures.  By  this  is  meant  the  appli- 
cation of  a  suitable  device  in  the  waste  outlet  pipe  of  the  fixture, 
intended  to  interpose  a  barrier  against  sewer  air  from  the  soil  or 
waste  pipe,  and  which,  while  it  permits  the  waste  water  and  other 
liquid  or  semi-liquid  matter  to  flow  off,  retains  sufficient  water,  after 
the  flow  has  ceased,  to  form  a  water  seal. 
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The  rule  is  that  every  plumbing  fixture  should  be  separately 
trapped  by  a  water-sealed  trap  placed  as  close  to  the  fixture  as 
possible.  The  entire  system  of  trapping  of  the  fixtures  should  be  so 
arranged  that  the  discharge  from  any  fixture  does  not  pass  through 
more  than  one  trap  before  reaching  the  soil  pipe  or  the  house  drain. 
All  traps  should  be  kept  exposed  to  view  and  accessible  for  inspec- 
tion and  repairs.  The  clean-outs  on  traps  should  preferably  be 
located  below  the  water  level  of  the  trap. 

In  order  to  be  self-cleansing,  traps  should  not  be  larger  thaii  the 
branch  waste  pipes  of  the  fixtures.  The  simplest  form  of  trap 
consists  of  a  pipe  bent  in  the  shape  of  the  letter  P  or  S,  and  holding 
a  depth  of  water  seal  varying  from  i^  to  2^  inches. 

Atmospheric  and  other  influences  tend  to  destroy  this  water 
seal.  An  abnormal  pressure  in  a  soil  or  waste  pipe  may  force  the 
seal  by  back  pressure;  sudden  and  quick  discharges  of  water  through 
a  soil  pipe  create  a  suction  behind  the  water  colunm,  and  exert  a 
siphoning  effect  on  the  traps — so-called  siphonage;  during  pro- 
longed disuse  of  a  fixture  the  water  seal  is  destroyed  by  evaporation, 
and  finally  a  trap  seal  may  become  ineffective  owing  to  loss  of 
water  through  capillary  attraction. 

Objectionable  Forms  of  Traps.  —  Mechanical  traps  with  floating 
balls,  flap  valves,  checks,  heavy  balls,  etc.,  have  been  devised  as  an 
additional  protection,  but  are  only  partly  effective,  and  usually 
become  more  or  less  foul  in  prolonged  use>  Some  of  the*  water- 
seal  traps,  like  the  D-trap,  the  bottle  trap,  the  round  trap  or  drum 
trap,  are  open  to  the  same  objection.  Traps  with  inside  partitions 
cannot  be  relied  upon,  as  there  may  be  sand  holes  or  flaws  in  them. 

Back- Venting  of  Traps.  —  The  common  S  or  P  traps  are  perhaps 
cleaner  in  use,  but  under  certain  conditions  they  are  particularly 
liable  to  siphonage.  To  prevent  this,  special  lines  of  vent  or 
"  back-air ^^  pipes  are  attached  near  the  upper  bend  of  the  trap  and 
carried  to  the  roof  in  the  same  manner  as  soil  pipes,  or  they  enter 
these  above  the  highest  fixtures.  With  fixtures  located  on  several 
floors,  this  leads  to  a  double  pipe  system,  which  increases  the  cost, 
complicates  the  system,  nearly  doubles  the  number  of  pipe  joints 
and  consequently  the  risk  of  leaks  of  sewer  air,  and  establishes  air 
currents  over  the  water  seal  which  have  a  tendency  to  destroy  it, 
except  where  the  fixtures  are  in  daily  use. 


PLUMBING   OF  MODERN  CITY  BUILDINGS. 


39 


Where  back-air  pipes  are  used,  the  following  rules  should  be 
observed :  All  offsets  in  vent  pipes  should  be  made  under  an  angle  of 
at  least  45  degrees,  and  all  vent  lines  should  be  dripped  at  the 
bottom  into  a  soil  or  wast^  pipe  or  into  the  drain,  to  prevent  the 
accumulation  of  rust  scales. 

The  branch  vents  to  the  fixture  traps  should  be  kept  above  the 
top  of  the  fixtures  and  be  connected  as  near  the  crown  as  possible, 
or  preferably  arranged  as  a  continuous  vent,  except  in  the  case  of 


Fig.  26.  Plumbing  By-passes, 


earthenware  traps  for  water-closets  and  slop-sinks,  which  should  be 
vented  from  the  lead  bend  which  is  located  under  the  floor  and 
connects  the  closet  outlet  with  the  soil  pipe. 

The  "back-air  pipe"  system  offers  opportunities  for  dangerous 
by-passes,  or  faulty  connections  between  the  back-air  pipes  and 
other  pipes,  whereby  an  open  passage  is  created  for  gases  from  the 
soil  or  waste  pipe  system  into  the  rooms  of  a  house.  The  illustra- 
tions Figs.  26  to  29  show  some  of  the  more  commonly  occurring 
by-passes,  and  require  no  further  explanation,  as  the  cuts  tell  their 
own  story. 

Non-siphoning  Traps.  —  There  are  a  number  of  water-sealed 
traps,  called  non-siphoning  traps,  like  the  Sanitas,  Puro,  King, 
Ideal,  Hydric  and  the  Sanito,  which  are  shaped  with  a  view  of 
retaining  a  water  seal  when  siphonic  action  tako^s  place  in  the  system, 
and  their  seal  is,  as  a  rule,  made  deeper  than  usual. 
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Fig.  27.   Plumbing  By-passes 
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Fig.  28.   Plumbing  By-passes. 


Fig.  29.   Plumbing  By-passes. 

Where  non-siphoning  traps  and  water-closets  with  a  deep  water 
seal  are  used,  the  special  back-air  pipes  may  be  dispensed  with, 
provided  the  fixtures  are  located  close  to  a  ventilated  soil  or  waste 
line.  In  my  practice  I  consider  a  run  of  five  feet  as'  the  largest 
allowable  length  for  the  use  of  such  traps  without  a  vent  continu- 
ation of  the  waste  pipe.  Long  branches  should  be  vented,  either 
by  interconnection  with  vent  stacks  or  by  extension  to  the  roof, 
but  if  so  arranged,  the  branch  trap  vents  may  be  omitted. 
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This  improved  system  is  far  superior  to  the  one  commonly  required  \ 
by  Building  Department  rules  or  regulations.    The  present  tend- 
ency involves  unquestionably   too  much  complication.     A  com- 
parison between  the  two  methods  shows  clearly  the  superiority  of 
the  simpler  system,  which  is  now  advocated  by  some  of  the  bestSs^ 
authorities.     Hence  the  municipal  plumbing  regulations  of  cities  ^ 
should  be  revised  so  as  to  make  it  optional  with  an  architect  or 
the  owner  which  system  to  adopt. 

The  subject  of  back-airing  traps  is  of  so  much  importance  that  it 
will  be  referred  to  again  in  Chapter  III. 

The  matter  of  trap  venting  and  the  use  of  non-siphoning  traps 
are  also  discussed  at  considerable  length    in    the  author's   book 
'* Sanitary   Engineering  of   Buildings."     In   the   chapter   entitled 
** Simplified  Plumbing  Methods"  he  made  suggestions  for  a  modi-     i 
fied,  simpler  and  at  the  same  time  safer  plumbing  system.  ; 

Commenting  on  these  suggestions,  the  American  Architeci,  then 
one  of  the  leading  architectural  papers  in  the  United  States,  wrote 
as  follows: 

*'It  is  always  a  pleasure  to  architects  to  read  what  Mr.  William  Paul 
Gerhard  writes  on  matters  of  sanitation.  Alone,  almost,  among  those 
who  treat  of  such  subjects  in  these  days,  he  writes  like  an  engineer  famil- 
iar with  all  methods  and  appliances  in  use,  judging  them  with  the  aid 
of  long  experience  and  thorough  theoretical  knowledge,  and  dispassion- 
ately choosing  what  he  believes  to  be  the  best  thing  attainable,  without 
any  reservations,  exaggerations  and  misrepresentations  on  behalf  of  pet 
theories,  or  the  private  interest  of  himself  or  his  friends.  For  this 
reason  it  is  particularly  noteworthy  that  he  should  have  come  out  against 
the  system  of  indiscriminate  trap  venting  which  is  now  imposed  by  the 
law  on  architects  and  plumbers  in  most  of  our  large  cities. 

"It  has  long  been  understood  that  Mr.  Gerhard  did  not  favor  indis- 
criminate trap  venting,  but,  like  the  other  professional  men  concerned 
with  building  matters,  he  has  found  it  best  to  sacrifice  his  private 
opinions  and  submit  quietly  to  the  law,  and  it  is  only  a  growing  conviction 
of  danger  to  health  involved  in  the  multiplication  of  pipes  and  joints 
which  the  law  renders  compulsory,  that  can  have  led  him  to  protest 
publicly  against  the  enforced  use  of  the  present  *  antiquated,  costly  and 
in  a  good  many  respects  unsafe  methods.'  The  reasons  which  he  gives 
for  this  protest  are  convincing  enough  to  all  those  who  have  to  do  with 
building. 

**  As  architects  know,  in  the  execution  of  a  complicated  piece  of  plumb- 
ing work  under   the  present  law  it  is  almost  impossible  to  avoid  such 
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intercommunication  of  waste  pipes  and  vent  pipes  as  to  form  here  and 
there  a  'by-pass,'  or  in  other  words,  an  open  conduit  for  leading 
sewer  air  from  the  waste  pipes  directly  into  the  rooms  around  the  traps. 
Many  a  plumbing  plan  is  rejected  by  Boards  of  Health  because  it  pro- 
vides, of  course  unintentionally,  for  such  a  by-pass  at  the  outset,  and 
many  more  systems  properly  planned  are  rendered  dangerous  by  the 
carelessness  of  workmen  in  making  connections.  The  only  real  reason 
that  has  ever  existed  for  back-venting  traps  was  to  prevent  them  from 
being  siphoned  out  by  the  suction  from  a  main  waste  pipe  discharging 
water  enough  nearly  to  fill  it.  Twenty  years  ago,  when  S-traps  were 
in  common  use,  this  was  a  valid  reason;  but  now,  when  non-siphoning 
traps  are  almost  universally  employed,  there  is  no  advantage  in  the 
venting  system  which  cannot  be  better  secured  by  using  a  five-inch  soil 
pipe  in  place  of  a  four-inch,  carrying  up  the  longer  branches  to  the  roof, 
and  placing  modern  traps  under  the  fixtures. " 

•     J 

Plumbing  Fixtures. 

A  detailed  discussion  of  plumbing  fixtures  is  reserved  for  Chapter  II, 
hence  only  the  more  important  ones  are  briefly  described  here. 
All  plumbing  fixtures  should  be  provided  with  a  sufficient  supply 
of  water  to  maintain  them  in  a  cleanly  and  sanitary  condition. 
Fixtures  of  public  toilet  rooms  require  periodical  inspection  and 
constant  care  in  maintenance. 

Location  of  Plumbing  Fixtures,  —  The  scattering  of  plumbing 
appliances  over  a  house  is  no  Ipnger  practiced;  the  work  is  con- 
fined to  the  well-lighted  and  well-ventilated  bath  and  toilet  rooms,  to 
the  butler's  pantry,  the  kitchen  and  the  laundry.  Where  possible, 
the  water-closets  should  be  placed  in  compartments  separate  from  the 
bath  rooms,  but  having  direct  access  to  light  and  air,  or  ventilated 
mechanically  and  lighted  electrically. 

All  fixtures  should  be  quick-empt3ring  iii  order  to  fliish  out  the 
traps  an(i  their  waste  pipes.  In  case  of  water-closets,  urinals  and 
slop-sinks  the  flushing  is  best  accomplished  by  means  of  flushing 
cisterns. 

Water-Closets.  — The  most  important  appliance  in  houses,  from 
a  sanitary  point  of  view,  is  the  water-closet.  It  usually  consists 
of  a  metal  or  porcelain  bowl  with  flushing  rim  set  on  an  impervious 
floor  slab,  provided  with  hardwood  seat  and  with  flushing  cistern 
or  else  special  flushing  valve,  with  flush  pipe,  and  with  lead  bend 
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connection  to  the  iron  soil  pipe.  Numerous  types  of  water-closets 
have  been  devised,  many  of  which  after  a  brief  period  of  trial  have 
been  again  abandoned.  Of  the  older  types  the  pan  closet  was  the 
one  to  hold  out  the  longest,  notwithstanding  the  universal  condem- 
nation which  it  received  from  sanitarians.  At  the  present  writing 
the  pan,  valve,  and  plunger  closets  have  almost  entirely  disappeared 
from  the  market.  Cheap  washout  closets  and  a  few  of  the  same 
type  and  of  a  good  make  are  still  in  demand,  although  they  are  not 
free  from  defects. 

In  well-appointed  modem  bath  and  toilet  rooms  the  all-porcelain 
or  vitreous-ware  siphon  and  siphon-jet  closets  are  preferred.  For 
institutions,  schools  and  for  servants'  closets  the  pedestal  wash- 
down  closets  make  a  thoroughly  sanitary  fixture,  particularly  those 
having  a  deep  water  seal.  In  some  situations  a  flushing-rim  hopper 
closet  works  satisfactorily.  Where  rough  usage  is  to  be  expected, 
as  in  factories,  stables  and  public  comfort  stations,  closets  of  enam- 
eled iron  may  be  used. 

Flushing  of  Water-Closets,  etc.  —  Water-closets  should  have 
earthenware  bowls  provided  with  flushing  rims;  the  so-called  pipe- 
wash  bowls  and  also  the  hopper,  pan,  valve  and  plunger  closets 
should  not  be  used.  Water-closets  and  urinals  should  always  be 
flushed  from  separate  cisterns  on  each  floor,  the  water  from  which 
is  used  for  no  other  purpose.  The  special  devices  known  as  flush- 
ometer  valves  are  referred  to  in  Chapters  V  and  VI. 

Wash  Basins.  —  In  modem  plumbing,  basins  are  "  set"  or  station- 
ary fixtures,  consisting  of  an  earthen  or  marble  slab,  with  bowl 
attached  to  it,  or  of  enameled  iron  with  metal  or  marble  supports, 
and  with  waste  and  supply  pipes,  faucets,  traps  and  other  appurte- 
nances. Wash  basins  are  manufactured  in  a  great  variety  of  patterns 
and  types.  Those  with  waste  outlet  closed  by  a  metal  plug  held 
suspended  by  a  chain  or  rubber  cablet,  and  those  having  a  standpipe 
overflow  or  else  a  metal  plug  operated  by  a  lever,  are  much  fetter 
than  the  bowls  with  secret  waste  valves  or  the  tip-up  basins. 

Bath  Tubs.  —  The  bath-tub  fixtures  are  either  of  enameled  iron  or 
of  solid  porcelain;  copper  tubs  are  rarely  used  nowadays.  Bath 
tubs  are  set  on  the  floor,  or  raised  from  it  on  legs  or  other  forms  of 
support,  or  finally  they  are  sunk  into  the  floor.  The  latter  arrange- 
ment requires  special  provision  in  the  floor  construction  and  is  not. 
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therefore,  much  in  use.  In  England,  bath  tubs  are  designated  as 
"slipper  baths,"  which  originally  were  bathing  tubs  covered  at  one 
end  and  thus  resembling  a  slipper  in  shape.* 

In  hospitals  for  insane  and  also  in  people's  bath  houses,  rain, 
douche  or  spray  baths  are  substituted  for  the  tub  baths,  being  con- 
sidered more  sanitary  and  economical.  There  are  a  number  of 
forms  for  spray,  douche  and  shower  baths,  also  large  combination 
needle  and  spray  baths,  and  several  types  of  baths  for  the  bathing 
of  parts  of  the  body. 

Urinals.  —  Urinal  fixtures  have  been  much  improved  in  recent 
years,  and  a  very  good  pattern  for  single  urinal  stalls  consists  of  a 
flushing-rim  bowl  made  to  hold  water,  and  flushed  from  a  special 
cistern  or  else  by  mean  of  a  flushing  valve.  In  public  places,  such 
as  railroad  stations  and  the  like,  also  for  factories  and  schools,  con- 
tinuous troughs  of  enameled  iron  or  of  stoneware  with  automatic 
intermittent  flush,  or  else  solid  porcelain  urinals  in  niche  form,  are 
used. 

Washtubs.  —  The  former  washtubs  of  wood  have  been  superseded 
by  soapstone,  slate  and  artificial  cement  tubs  for  the  cheaper  class 
of  dwelling-houses,  and  by  white  or  yellow  solid  glazed  roll-rim 
earthenware  tubs  for  the  more  expensive  residences,  as  well  as  for 
hotels  and  institutions. 

Slop-Sinks.  —  Slop-sinks  are  sinks  made  in  form  deeper  than  the 
ordinary  sinks,  and  provided  with  larger  waste  outlet.  They  are 
manufactured  either  of  enameled  iron  or  of  heav}'  fire  clay,  and  are 
sometimes  provided  with  a  top  flushing  rim  supplied  from  a  special 
flushing  cistern. 

Sinks.  —  Sinks  are  fixtures  intended  for  pouring  out  kitchen  dish 
and  wash  water,  or  they  are  meant  to  serve  as  tray  to  catch  drippings 
where  water  is  drawn  in  pails  or  in  jars,  as  in  housemaids*  closets 
or  in  conservatories;  they  also  serve  to  receive  the  drippings  from 
refrigerators  and  ice  boxes.  In  kitchen,  pantries  and  sculleries 
sinks  are  used  for  the  washing  of  dishes,  pots,  kettles  and  pans. 
They  are  manufactured  in  painted,  galvanized  and  enameled  iron, 
in  copper,  soapstone,  slate  and  in  white  and  yellow  solid  porcelain 
ware.  The  latter  sinks  are  by  far  the  best  from  a  sanitary  point 
of  view,  and  recent  improved  methods  of  manufacture  at  American 

*  See  illustration  in  Gerhard's  "Modern  Baths  and  Bath  Houses,"  1908. 
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potteries  have  enabled  the  makers  to  reduce  their  price  considerably. 
Wooden  sinks  should  not  be  used. 

Grease  Traps.  —  In  kitchens  of  large  hotels  and  institutions  the 
grease  from  dishwashing  and  from  cooking  operations  is  inter- 
cepted in  grease  traps,  in  order  to  prevent  stoppages  in  the  waste 
pipes  and  drains.  Some  forms  of  grease  traps  are  attached  directly 
under  the  kitchen  or  pantry  sink;  in  other  cases  they  are  placed 
outside  of  the  building,  on  the  line  of  the  kitchen  drain. 

Exposed  or  Open  Plumbing  Work.  —  A  feature  of  modem  plumb- 
ing work  is  the  accessibility  of  all  its  parts.  Wooden  enclosures 
around  water-closets,  sinks  and  other  fixtures  are  no  longer  used, 
and  these  fixtures  are  always  set  in  an  open  manner.  Pipes  and 
traps  remaining  exposed  are  rendered  unobjectionable  to  sight  or 
even  attractive  by  painting  or  bronzing,  and  in  passing  it  may  be 
stated  that  it  is  a  popular  fallacy  to  suppose  that  the  nickel  plating 
of  exposed  pipes  and  fittings  is  essential  for  sanitary  work. 

Floor  Joints.  —  All  earthenware  traps  should  be  connected  with 
the  lead  bends  by  heavy  brass  floor  plates,  which  must  be  soldered 
to  the  lead  bend  and  bolted  to  the  trap  flange,  the  joint  between  the 
floor  plate  and  the  trap  being  made  gas-tight  with  some  plastic  sub- 
stance or  asbestos  packing.  An  improved  screw  joint  for  water- 
closets  is  shown  in  Fig.  86,  Chapter  II. 

Safe  Wastes.  —  Safe  wastes  and  refrigerator  was^e  pipes  should 
not  be  connected  with  any  part  of  the  plumbing  system,  but  they 
should  discharge  over  a  water-supplied  sink.  The  refrigerator 
v/aste  pipes  and  all  safe  wastes  should  be  provided  with  flap  valves 
at  their  lower  ends. 

Overflow  Pipes.  —  If  fixtures  have  overflow  pipes,  these  should 
always  be  connected  on  the  inlet  or  house  side  of  the  traps. 

Water  Supply. 

Essential  Parts  of  a  General  Water-supply  System.  —  A  complete 
water-supply  system,  whether  for  a  city,  town,  or  a  group  of  build- 
ings, comprises  the  following  parts: 

I.  Means  and  structures  for  the  collection  of  water  at  the  source 
of  supply  if  a  spring  or  well,  or  intakes  if  the  supply  is  to  come  from 
a  stream  or  lake; 
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2.  Means  for  its  purification  in  settling  basins  or  in  large 
filters; 

3.  Means  for  conducting  it  from  its  source  to 

4.  Its  storage  in  receiving  reservoirs,  elevated  tanks  or  stand- 
pipes; 

5.  Means  for  its  distribution  through  smaller  distributing  reser- 
voirs and  through  a  system  of  pipe  conduits,  comprising  mains, 
laterals,  service  and  house-supply  pipes  with  valves,  hydrants, 
meters  and  faucets.     Quite  often  it  includes 

6.  A  water-pumping  plant,  comprising  buildings  with  pumping 
machinery,  steam  boilers,  or  electric  motors,  or  gas,  gasoline  or  oil 
engines  connected  with  pumps,  for  the  lifting  of  the  water  from 
its  source  or  the  intake  to  the  place  of  storage. 

Broadly  speaking,  two  systems  of  water  supply  may  be  distin- 
guished, namely,  the  gravity  and  the  pumping  system. 

Gravity  Supply  System.  —  In  a  gravity  water-supply  system  the 
intake  or  the  source  of  supply  is  located  at  such  an  elevation  above 
the  buildings  to  be  supplied  that  gravity  alone  suffices  as  a  motive 
force  to  bring  the  water  from  the  storage  reservoir  to  the  places  of 
consumption. 

Pumping  System. — In  a  pumping  system  the  water  intake  or 
the  source  of  supply  is  located  so  low  as  to  require  some  form  of 
water-lifting  machinery  in  order  to  make  the  water  available  for 
use.  The*  water-pumping  system  is  called  (a)  direct  when  the 
water  is  pumped  directly  into  the  network  of  distributing  mains, 
and  it  is  called  (b)  indirect  when  the  pumps  lift  the  water  first  into 
a  reservoir,  standpipe  or  pressure  tank,  from  which  the  distribution 
takes  place  by  gravity.  A  third  system  might  be  called  (c)  the 
direct-indirect,  the  water  being  pumped  directly  into  mains,  but  the 
excess  of  water  pumped  over  that  drawn  or  used  goes  into  reservoirs 
or  into  standpipes,  and  is  used  to  equalize  the  flow  or  to  make  up 
for  hours  of  excessive  consumption,  or  to  render  service  during 
repairs  to  the  pumping  machinery,  or  during  the  night,  when  the 
operation  of  the  pumps  stops. 

A  gravity  water-supply  system  is  cheaper  as  regards  operating 
expenses  than  a  direct-pumping  system.  The  latter  is  also  more 
liable  to  interruption  by  accidents,  and  for  this  reason  requires  the 
provision  of  a  duplicate  set  of  pumps  and  generally  of  im)  pumping 
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mains.    The  indirect-pumping  system  is  more  economical  in  oper- 
ation than  the  direct-pumping  system. 

Water-supply  systems  for  larger  communities  and  for  groups 
of  habitations  make  use  chiefly  of  reservoirs,  where  the  conditions 
are  favorable  for  their  use,  whereas  supply  systems  for  individual 
buildings  make  use  chiefly  of  elevated  tanks,  of  pressure  tanks  and 
in  some  cases  of  standpipes. 

Quantity  of  Water  Required.  — The  quantity  of  water  needed 
for  domestic  supply  varies  in  different  cities,  and  is  much  larger  in 
the  United  States  than  in  Europe.  Whereas  in  England  the  standard 
allowance  per  day  is  37  U.  S.  gallons,  in  the  United  States  it  is  gen- 
erally assumed  that  60  gallons  is  a  fair  daily  capacity  allowance, 
which  includes  water  for  drinking,  cooking,  washing,  bathing, 
laundry,  stable,  flushing  of  water-closets,  and  for  ordinary  manu- 
facturing purposes.  '^ 

The  above  theoretical  allowance  does  not  by  any  means  agree 
with  actual  figures  of  water  constmiption.  Water  statistics  necessa- 
rily vary  somewhat  from  year  to  year,  and  tabular  statistics,  like 
statistical  figures  generally,  are  apt  to  be  incorrect  and  sometimes 
misleading.  Nevertheless,  conservative  engineers  are  all  agreed 
that  a  large  part  of  the  daily  water  consumption  is  really  water 
waste,  and  this  is  proven  by  a  comparison  of  figures  for  cities  in 
which  the  majority  of  services  are  metered  with  like  figures  in  cities 
without  water  meters. 

A  careful  study  was  made  of  this  question  some  years  ago  by 
Mr.  George  S.  Bailey,  Superintendent  of  the  Albany,  N.  Y.,  water- 
works. According  to  his  tabulated  summary,  the  average  daily 
per  capita  water  consumption  of  134  cities  in  the  United  States 
was  137  U.  S.  gallons;  in  71  cities  with  less  than  10  per  cent  of  the 
water  taps  or  service  metered  the  averager  consumption  was  153 
gallons;  in  18  cities  with  from  10  to  25  per  cent  taps  metered  it  was 
no  gallons;  in  22  cities  with  from  25  to  50  per  cent  metered  it  was 
104  gallons;  and  in  23  cities  with  over  50  per  cent  taps  metered  the 
consumption  fell  to  62  gallons.  In  other  words,  the  average  con- 
sumption is  2.2  times  as  large  as  it  should  be. 

In  Washington,  D.  C,  where  only  few  taps  are  metered,  the  con- 
sumption reached  the  high  amount  of  158  gallons  in  1890  and  of 
185  in  1900;  in  New  York,  where  about  one-fifth  of  the  taps  are 
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metered,  the  consumption  was  79  in  1890  and  116  in  1900;  in 
Providence,  R.  I.,  which  has  about  75  per  cent  of  the  taps  metered, 
the  figures  were  48  in  1890  and  54  in  1900;  in  Fall  River,  where 
94  per  cent  of  taps  are  metered,  it  was  36  gallons. 

The  highest  rate  of  consumption  was  shown  by  the  city  of  Alle- 
gheny, Pa.  (with  no  meters),  namely  238  gallons;  Buffalo  came 
next  with  186  gallons,  and  Providence,  R.  I.,  and  Fall  River,  Mass., 
showed  the  smallest  average  daily  consumption.  These  figures 
and  data  are  valuable  because  they  prove  beyond  a  doubt  the  bene- 
ficial effect  of  meters  in  checking  waste  and  reducing  water  con- 
sumption. 

The  question  of  water  consumption  in  large  city  buildings  will 
be  referred  to  again  in  Chapter  VI. 

Standpipes.  —  Waterworks  standpipes  are  used  principally  in 
places  where  for  lack  of  jaar^^csaXed  site  or  for  other  reasons 
it  is  impracticable  to  build  a  res^^^ir.  They  are  constructed  of 
wrought  iron  or  of  steel;  they  arejanchored  or  bolted  to  a  strong 
foundation,  and  are  sometimes  pfovided  with  guys  to  steady  them 
against  wind  pressure. 

A  waterworks  standpipe  remains  either  exposed  or  else  it  is 
enclosed,  generally  with  masonry,  for  one  or  more  of  the  following 
reasons:  to  furnish  protection  in  winter  time  against  freezing;  to 
shield  it  against  wind  pressure  in  exposed  localities;  or  to  give  the 
structure  an  ornamental  appearance. 

Speaking  of  the  disfigurement  of  the  countryside  everywhere 
'*with  gaimt  top-heavy  skeleton  windmill  and  tank  towers,"  a 
writer  in  The  American  Architect  draws  attention  to  "another  and 
more  obnoxious  monstrosity  that  utilitarian  engineers  have  imposed 
on  the  landscape  and  which  calls  urgently  for  redress,  in  a  double 
sense,  namely,  the  wrought-iron  standpipe  of  the  local  water  com- 
panies, which,  standing  on  the  highest  elevation  within  the  reach  of 
economical  pumping,  forms  a  blot  on  the  landscape  which  can  be 
seen  in  every  direction  for  miles  around." 

Sometimes  such  standpipes  are  used  merely  as  pressure  regula- 
tors or  water  cushions,  in  which  case  it  is  usual  to  place  them  close  to 
the  pumping  station.  Sometimes  they  are  used  to  provide,  in  con- 
nection with  water  mains  supplied  by  direct  pumping,  a  storage  of 
water  sufficient  for  about  one  hour's  fire  consumption. 


so 
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Elevated  Tanks.  — Where  the  storage  of  water  is  the  chief  object, 
and  where  the  topography  of  the  ground  is  such  as  not  to  afford  a 
chance  for  the  construction  of  a  reservoir,  elevated  tanks  of  steel 
or  wood,  placed  on  tank  towers  of  steel,  wood  or  masonry,  take 


Fig.  30.   View  of  Wooden  Roof  Tanks. 


the  place  of  standpipes.  In  city  buildings  such  elevated  tanks  are 
placed  on  the  high  roofs  of  the  buildings  (see  Fig.  30)  or  on  special 
steel  towers  (Fig.  31).  There  are  several  objections  to  these  so- 
called  roof  tanks.     One  is  their  heavy  weight  which  must  be  car- 
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ried  by  the  superstructure,  another  is  their  unsightliness,  and  still 
another  is  an  important  one  from  the  sanitary  point  of  view,  for 
it  is  difficult  to  maintain  the  purity  of  the  water  stored  in  such  tanks 


Fig.  31.   View  of  Wooden  Tank  on  Steel  Tower, 

and  they  are  liable  to  many  kinds  of  contamination.  In  tenement- 
houses  it  has  actually  occurred  that  mischievous  boys  have  used 
the  tanks  in  summer  time  to  take  a  bath.  A  recent  editorial  in 
The  Metal  Worker  is  to  the  point : 
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"The  purity  of  the  water  supply  has  a  more  far-reaching  effect  upon 
the  health  of  the  public  than  the  multitude  is  apt  to  realize.  A  step 
toward  the  protection  of  their  health  is  taken  in  the  movement  to  abolish 
the  use  of  roof  tanks  for  supplying  the  upper  floors  of  buildings  in  large 
cities.  Those  who  have  devoted  some  time  to  an  investigation  of  these 
tanks  find  that  street  dirt  with  whatever  fecal  bacteria  it  may  contain 
is  frequently  carried  to  the  top  of  the  building  where  roof  tanks  are  used, 
and  no  small  deposit  of  this  dust  is  found  in  the  bottom  of  the  tanks. 
...  In  order  to  avoid  both  the  dust  and  the  misuse  of  the  house  tanks, 
the  substitution  of  a  pressure  tank  located  in  the  basement  of  the  build- 
ings is  advocated.  This  sort  of  tank  has  another  recommendation  in 
that  it  does  not  subject  the  building  to  the  strain  of  supporting  a  tremen- 
dous weight,  which  in  some  instances  has  led  to  the  tank  falling  through 
the  building,  when  the  framework  gave  way,  and  doing  extensive  dam- 
age as  well  as  risking  life." 

Pressure-tank  Systems.  —  I  shall  dwell  upon  the  subject  of  pres- 
sure tanks  at  some  length,  for  two  reasons:  first,  I  find  a  good  deal 
of  ignorance  or  misconception  regarding  the  use  of  pressure  tanks, 
and  second,  it  is  my  belief  that  they  are  destined  to  play  an  impor- 
tant r6le  in  future  water-supply  systems. 

The  majority  of  engineers  are  agreed  that  the  direct-pumping 
system,  without  the  use  of  a  service  reservoir  or  of  a  standpipe,  is 
an  inferior  system,  for  it  necessitates  the  continuous  running  of 
the  pumps,  and  owing  to  the  fluctuations  in  the  water  consumption 
and  in  the  draught  on  the  mains,  the  pumping  machinery  is  sub- 
jected at  times  to  severe  shocks  and  strains. 

Various  means  have  been  resorted  to  by  waterworks  engineers 
to  equalize  the  pressure  and  to  cause  the  pumps  to  run  more  steadily 
and  uniformly,  such  as  the  use  of  accumulators  or  of  large  air 
chambers,  but  neither  of  these  possesses  the  advantage  of  furnishing 
a  sufficient  storage  capacity.  Standpipes  are  not  in  all  cases 
efficient  substitutes  for  storage  reservoirs,  for  though  they  equalize 
the  pressure,  it  is  obvious  that  all  water  held  by  them  below  the 
level  of  the  normal  head  is  not  supplied  to  the  consumers  under 
advantageous  conditions  of  pressure. 

Closed  or  pressure  tanks  for  the  combined  storage  of  water  and 
air  have  often  been  used.  They  answer  the  purpose  in  cases  where 
the  pumping  plant  can  be  kept  running  most  of  the  time,  but  where 
this  is  not  the  case  they  are  less  satisfactory,  because  as  the  water 
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is  drawn  from  the  tank  the  air  on  top  of  the  water  expands  and 
thus  gradually  and  at  first  somewhat  rapidly  loses  its  pressure. 

Sizes  and  Capacities  of  Pressure  Tanks.  —  Diagram  Plate  No.  i 
exhibits  in  convenient  form  the  relation  between  diameter,  length 
and  capacity  of  horizontal  cylindrical  water  tanks.  It  gives  the 
capacity  from  loo  to  10,000  gallons,  for  tanks  varying  in  diameter 
from  I  foot  6  inches  to  10  feet  and  in  lengths  from  i  foot  to  40  feet. 

In  the  upper  left-hand  corner  is  given  a  smaller  diagram  for 
tanks  from  2  to  8  feet  in  length  and  from  12  to  48  inches  diameter, 
and  for  capacities  varying  from  10  to  500  gallons. 

Diagram  Plate  No.  2  will  be  found  useful  in  determining  the 
water  capacities  of  partially  filled  horizontal  pressure  tanks.  It 
gives  the  height  of  water  in  parts  of  the  diameter  D  for  fractional 
parts  of  Qj  the  area  (or  capacity)  of  the  tank  when  filled  being 
designated  as  Q. 

Diagram  Plate  No.  3  is  somewhat  similar  to  the  preceding  one, 
its  curve  giving  the  contents  in  gallons  of  a  cylindrical  horizontal 
tank  one  foot  long  and  one  foot  in  diameter  for  various  depths  of 
filling.  The  capacities  of  tanks  of  any  diameter  and  any  length 
can  be  readily  found  by  it. 

While  the  conception  of  these  three  diagrams  is  not  original  with 
me,  their  construction  and  the  calculations  necessary  for  plotting 
the  lines  and  curves  were  made  by  me  specially  for  this  chapter. 

Requirements  of  Pressure  Tanks.  —  The  following  specifications 
for  pressure  tanks  have  been  issued  by  the  Chicago  Board  of  Under- 
writers, and  the  Table  No.  V  will  be  found  useful  in  practice. 

'*  Material,  To  be  of  fire-box  or  flange  steel,  of  even  quality,  hav- 
ing a  tensile  strength  of  not  less  than  55,000  nor  more  than  60,000. 
Dimensions. 

^^Heads.   Radius  of  dish  to  be  equal  to  the  diameter  of  tank. 

^^Seamsl  Longitudinal  seams  to  be  triple  riveted  and  placed  below 
the  water  line;  girth  seams  to  be  single  riveted,  except  where  the 
diameter  of  tank  is  in  excess  of  34  inches,  when  double  riveting 
should  be  employed;  'Hartford'  specifications  to  govern;  riveting 
to  be  done  in  a  careful  and  thoroughly  workmanlike  manner;  all 
seams  to  be  thoroughly  calked  inside  and  out. 

^^ Manhole.,  To  be  large  enough  to  allow  easy  access  to  the  inside 
of  the  tank  and  placed  below  the  water  line. 
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Diagram  2.     Capacities  of  Partially  Filled  Cylindrical  Horizontal  Pressure  Tanks. 
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TABLE  y. 


Inside  DUoMtor  of  Tanks. 

S'o' 

S'6' 

6'  o'    j    6'  6'       7'  0' 

7'  6' 

8'o' 

Length     of 

-  Shell,  end  to 

end 

30'  o-' 

24' 7r 

20'  6J' 

17'  3}' 

14'  9' 

12'  8* 

lo'  II» 

Total    Capac- 
ity   in    U.S. 
Gallons 

4505 

4502 

45" 

4509 

45" 

4516 

4Si» 

Water  Capac- 
ity, f  fuU. . . . 

3003 

3001 

3008 

3006 

3008 

3010 

3008 

Height     of 
Water    Une 
above  Bottom 

38-^ 

43}' 

45i' 

49i' 

53' 

57' 

61' 

Thickness    of 
Shell 

r 

1' 

I'.r' 

^^ 

i' 

i' 

A' 

Thickness    of 
Heads 

i' 

r 

T»r' 

Vi' 

f 

r 

U' 

Dish  of  Heads 

8» 

8?" 

9^ 

loi' 

11' 

12' 

13' 

Usual    Work- 
ing Pressure. 

75           to            85          lbs.        per         sq.         in. 

^^  Openings.  Discharge  nozzle  to  be  6  inches,  unless  otherwise 
specified,  and  placed  in  bottom  of  tank,  with  ij-inch  side  outlet 
threaded  for  filling  and  draining  connections;  inlet  for  air  connection 
to  be  I  inch  and  placed  at  proper  point  for  upper  gauge  glass  nipple, 
where  suitable  connections  may  be  made  for  both  purposes.  Lower 
gauge  glass  opening  to  be  i  inch;  tap  i  inch  opening  in  top  of 
tank  for  vent. 

"  Gauge  Glass.  To  be  placed  on  end  of  horizontal  tank  and  side 
of  upright  tank  so  that  water  line  will  be  at  center  of  glass. 

*'  Test.  Tank  to  be  tested  and  proved  tight  after  installation,  at  a 
hydrostatic  pressure  of  not  less  than  115  pounds." 

Systems  of  water  supply  with  single  pressure  tanks,  filled  partly 
with  air  and  partly  with  water,  the  so-called  hydro-pnetimatic 
systems,  are  useful  under  certain  conditions.    For  smaller  country 
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houses  and  for  farm  buildings  the  pneumatic-tank  system  has  un- 
doubtedly great  merits  and  affords  advantages  over  the  elevated 
storage  tanks. 

What  seems  to  be  a  system  similar  to  the  one  which  I  am  about 
to  describe  is  a  pressure-tank  system  extensively  used  in  France. 
It  is  the  invention  of  an  engineer,  Mr.  Carr^,  and  consists  of  a 
series  of  water-pressure  tanks  in  combination  with  a  pumping 
plant  and  an  air  compressor.  The  latter  is  intended  to  compress 
the  air  at  the  top  of  the  water  tanks  to  a  suitable  pressure.  The 
system  received  the  indorsement  of  Mr.  Bechman,  one  of  the  chief 
engineers  of  the  city  of  Paris,  in  a  report  on  the  Paris  Exposition 
of  1869,  and  has  been  in  use  many  years  in  some  large  public  build- 
ings, not  only  for  furnishing  a  domestic  supply  but  principally  to 
afford  a  good  and  efficient  fire  protection.  Buildings  in  which 
these  installations  are  used  are  the  large  National  Library  in  Paris 
and  the  Hospital  at  Nantferre. 

Pressure-tank  System  with  Separate  Air  Tank. — The  "Acme" 
pressure-tank  water-storage  system  is  an  American  system,  intended 
to  furnish  a  supply  and  storage  of  water  under  pressure  in  tight 
receptacles  or  tanks,  which  are  either  buried  in  the  ground  below 
the  depth  to  which  the  frost  penetrates  or  placed  in  the  cellar  or 
in  a  chamber  or  vault  located  at  or  near  the  pumps. 

It  consists  of  one  or  several  closed  riveted  steel  water  tanks,  one 
or  more  similar  air  tanks,  of  water  pumps,  air  compressors,  the  re- 
quired air  and  water  pipe  connections,  with  gate  valves  between  the 
several  appliances  and  of  pressure  regulators.  A  certain  normal 
air  pressure  is  ordinarily  carried  in  the  water  tanks,  sufficient  to 
cause  the  last  gallon  of  water  in  the  tank  to  flow  out  at  the  consumer's 
faucet  under  the  normal  pressure  maintained  in  the  air-pipe  line 
by  the  pressure  regulator.  In  the  air  tanks,  however,  a  higher  air 
pressure  is  maintained  so  that  an  increased  pressure  can  be  obtained 
for  emergejicy  cases,  such  as  a  conflagration,  etc.,  by  the  opening  of 
a  by-pass  valve,  which  instantly  brings  the  full  air  pressure  stored  in 
the  air  tanks  upon  the  water  tanks.  The  water  tanks  may  be  made 
of  any  desired  capacity,  and  their  number  is  practically  unlimited, 
while  the  capacity  of  the  air  tanks  is  proportioned  to  the  former. 

Advantages  of  the  Acme  System.  —  General  advantages  of  the 
Acme  system  are  that  it  does  away  with  standpipes,  elevated  tanks 
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and  with  constant  direct  pumping.  By  providing  separate  air^ 
tanks  for  the  storage  of  compressed  air  under  a  high  pressure,  the 
important  advantage  is  gained  that  the  water  pressure  in  the  mains 
can  be  increased  at  any  time  in  case  of  emergency,  and  also  that  the 
pumping  machinery  may  be  shut  down  for  repairs  as  soon  as  the 
water  tanks  are  filled. 

In  this  system  it  is  feasible  to  run  the  pumps  for  a  few  hours 
only,  and  to  store  in  the  tanks  the  volume  of  water  required  during 
the  remainder  of  the  twenty-four  hours.  Economical  advantages  are 
thus  obtained  as  regards  the  running  expenses  of  the  pumping  plant, 
because  the  wages  of  a  night  engineer,*  or  of  the  fireman,  or  of 
both,  may  be  saved.  Other  advantages  are  the  compactness  of  the 
plant,  every  part  of  the  system  being  directly  under  the  eye  of  tlie 
engineer  and  every  controlling  valve  within  his  reach,  and  also  its 
simplicity,  the  system  being  neither  complicated  nor  liable  to  get 
out  of  order. 

From  a  structural  point  of  view  an  obvious  advantage  consists  in  the 
fact  that  the  weight  of  the  water  stored  in  the  tanks  does  not  require 
to  be  placed  at  a  high  elevation  as  is  the  case  with  roof  tanks  for  build- 
ings or  elevated  tanks  of  waterworks.  No  expensive  tower  construc- 
tion or  heavy  structural  ironwork  is  necessary  to  carry  the  weight  of  the 
stored  water.  The  pressure  tanks  may  be  placed  either  in  a  horizontal 
or  in  a  vertical  position  and  can  be  of  any  dimensions  adapted  to  the 
available  space.  The  system  affords  decided  advantages  for  fire  pro- 
tection, for  the  pressure  obtained  is  generally  greater  than  that  from  a 
standpipe,  and  while  the  fire  nozzles  are  in  operation  the  pressure  re- 
mains uniform  up  to  the  last,  which  is  not  the  case  with  the  standpipe 
or  the  elevated-tank  system.  For  this  reason  it  is  somewhat  of  a  sur- 
prise to  me  that  the  fire  underwriters  have  not  in  the  past  called  atten- 
tion to  the  superiority  of  the  system,  as  long  as  they  have  indorsed  and 
permitted  systems  to  be  installed  having  only  one  combined  air  and 
water  pressure  tank.* 

In  the  Acme  system  any  desired  volume  of  water  is  held  in  reserve 
normally  under  the  pressure  necessary  for  domestic  consumption,  which 
can  be  increased  almost  instantly  to  loo  pounds  or  more  to  meet  the 
requirements  of  fire  streams.  In  the  case  of  village  communities  situ- 
ated on  level  ground  and  having  no  buildings  of  extreme  height  the 
normal  pressure  carried  in  the  water  tanks,  usually  40  or  50  pounds, 
suffices  perfectly  to  extinguish  a  small  conflagration. 

*  See  Crosby  and  Fiske,  "Handbook  of  Fire  Protection  for  Improved  Risks,*' 
second  edition,  1901.    New  edition  published  1909. 
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Of  particular  importance  are  the  sanitary  advantages  which  the  system 
affords.  Water  is  kept  at  a  much  lower  and  more  uniform  temperature 
in  an  underground  or  covered  pressure  tank  than  in  elevated  tanks, 
reservoirs  or  standpipes  exposed  to  the  sun.  The  freshness  and  purity 
of  the  water  are  maintained  and  no  pollution  of  an  originally  pure  water 
during  its  storage  and  on  its  way  to  the  consumer  can  occur. 

From  a  large  personal  experience  I  know  the  unsatisfactory,  unsani- 
tary and  sometimes  revolting  condition  in  which  the  water  in  roof  tanks 
is  found  to  be,  and  also  the  difficulty  of  having  the  cleaning  of  the  opeh 
roof  tanks  properly  and  frequently  attended  to.  Water  stored  in  open 
tanks  is  liable  to  contamination  by  ordinary  street  dust  and  floating 
organic  matter,  by  gases  emitted  from  chimneys  and  fireplaces,  and  by 
foul  vapors  from  soil  pipes  opening  on  the  roof  in  the  immediate  vicinity 
of  the  water  tanks. 

In  closed  storage  tanks  there  is  absolutely  no  chance  for  the  con- 
tamination of  an  originally  pure  water.  Neither  is  the  water  exposed  to 
the  deteriorating  influence  of  light,  heat  and  the  atmosphere.  This 
advantage  is  an  important  one  in  the  case  of  ground-water  supplies, 
which  are  so  often  unfavorably  affected  when  stored  in  open  reservoirs 
or  tanks.  Recent  investigations  have  demonstrated  the  fact  that  cer- 
tain algae,  which  impart  to  water  a  fishy  odor,  or  an  oily  taste,  or  both, 
are  developed  in  water  from  underground  sources  through  the  action 
of  air  and  light. 

The  fact  that  storage  pressure  tanks  may  be  placed  underground  and 
out  of  sight  will  strongly  appeal  to  owners  or  architects  of  buildings, 
for  it  is  conceded  that  both  the  elevated  tank  and  the  open  standpipe 
are  usually  decidedly  unsightly  and  objectionable.  This  is  true  both 
of  roof  tanks  on  city  buildings  and  of  elevated  tanks  required  for  coun- 
try buildings;  it  applies  in  particular  to  the  open  and  exposed  standpipe 
constructed  of  boiler  iron  or  steel  plates,  erected  in  all  parts  of  the 
country  as  an  inexpensive  form  of  water  storage  for  communities. 

From  a  military  point  of  view  a  special  advantage  is  that  the  entire 
water  plant  of  a  fortified  town  or  of  a  military  post  may  be  located 
underground  and  thus  be  concealed  from  view,  except  possibly  the  smoke- 
stack for  the  steam  boilers  or  the  exhaust  for  the  gasoline  engines  which 
run  the  pumps.  Even  these  are  done  away  with  where  pumping  by 
electricity  is  feasible.  Thus  arranged  it  would  not  be  an  easy  matter 
for  the  enemy,  in  case  of  war,  to  discover  and  injure  the  water 
plant. 

For  villages  and  small  towns  the  principal  advantages  are  that  the 
cost  of  a  reservoir  or  the  cost  of  a  standpipe  or  elevated  tank  for  water 
storage  may  be  saved.  The  pressure  tank  in  combination  with  an  air 
tank  has  the  advantage  over  standpipes  that  there  is  no  danger  from  ice 
formation  in  winter  or  collapse  of  the  standpipe  due  to  sudden  violent 
wind  pressures. 
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The  system  is  also  particularly  adapted  for  the  water  supply  of  a 
group  of  buildings  of  an  institution  and  for  the  grounds  surrounding 
them.  Where  the  various  buildings  are  scattered  a  compact  central 
plant  placed  entirely  underground,  erected  at  any  convenient  point,  will 
uniformly  supply  the  buildings  under  the  desired  pressure  of  water. 
The  system  permits  of  the  use  of  any  kind  of  motor  and  pumping  appa- 
ratus, such  as  steam  pumps,  gas,  gasoline  or  oil  engines,  electric  motors, 
and  even  hand  pumps  for  very  small  plants. 

Ail  the  sanitary  and  other  advantages  mentioned  heretofore  apply 
where  the  system  is  used  for  single  city  buildings  of  great  height,  such  as 
office  buildings,  apartment  houses  and  hotels,  etc.  It  is  a  decidedly 
better  system  than  the  one  of  pumping  directly  into  the  service  lines 
and  risers,  or  the  system  which  uses  in  connection  with  direct  pumping 
a  small  and  utterly  inadequate  roof  tank.     (See  Chapter  VI.) 

The  fire  protection  obtained  from  the  system  for  inside  standpipe 
lines  cannot  be  obtained  from  the  roof  tanks.  For  isolated  country 
mansions  the  system  is,  of  course,  particularly  adapted,  and  where  both 
water  supply  and  electric  lighting  are  required  for  country  houses  it  is 
possible  to  install  a  plant  answering  for  both  purposes. 

Pumping  Water.  —  As  important  as  the  means  for  storing  the 
water  are  the  means  for  lifting  it  so  as  to  make  it  available  for  use 
in  buildings.  Many  different  forms  of  pumps  are  used  for  this 
purpose.  The  simpler  kinds  of  pumps  are  the  suction,  hand  lift 
and  force  pumps,  the  chain  pumps,  pumps  operated  by  animal 
power,  and  windmill  pumps.  Forms  of  pumps  operated  by  the 
energy  of  the  fall  of  water  are  the  hydraulic  ram,  the  various  types 
of  water  wheel  and  the  hydraulic  turbines.  More  or  less  compli- 
cated but  also  more  efficient  forms  of  pumps  are  the  hot-air,  gas 
and  gasoline  pumps,  the  reciprocating  piston  and  plunger  and  the 
centrifugal  steam  pumps,  to  which  in  recent  years  have  been  added 
pumps  operated  by  the  electric  current.     (See  Chapter  VI.) 

Conduits.  —  Water-supply  conduits  may  be  either  open  or  closed 
and  covered;  they  may  be  gravity  or  pressure  conduits.  The  long 
masonry  conduits  which  carry  the  water  across  valleys  are  known 
as  aqueducts. 

Valves.  —  In  water-supply  and  plumbing  work  various  kinds 
of  valves  are  in  use.  These  are  named  (a)  from  the  device  with 
which  or  the  place  where  they  are  connected,  such  as  angle  valves, 
bucket  valves,  hydrant  valves,  pipe  valves,  pump  valves;  (b)  from 
their  shape,  construction  or  mechanism,  such  as  conical  valves,  cup 
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valves,  annular  valves,  screw-down  valves,  back-pressure  valves, 
compression  valves,  full-way  or  gate  valves.     (See  Definitions  in 

Appendix.) 


THIS    VALVE 

CONTROL'; 

SPRmKLCftS  \h 


Indicator  posts,  Figs.  32 
and  33,  are  used  in  connec- 
tion with  a  gate  valve  located 
in  a  line  of  pipe  underground 
or  under  a  floor,  when  it  is 
desirable  to  know  whether 
or  not  it  is  open.  The 
words  "Open"  and  "Shut" 
are  on  plates  that  indicate 
the  position  of  the  gates  in 
the  valve  from  either  side 
of  the  post. 

For  fire-protection  pur- 
poses these  indicator  posts 
are  important,  for  a  confla- 
gration might  occur  with 
disastrous  results  owing  to 
the  fact  that  valves  sup- 
posed to  be  open  were 
closed.  Indicators  should 
therefore  always  be  used  in 
connection  with  the  fire  ser- 
vice of  factories  and  of  pub- 
lic institutions. 


Hydrants.  —  Every 
waterworks  system  re- 
quires for  fire-protection 
purposes  a  number  of  fire 
hydrants  located  along  the  distribution-pipe  system.  Sometimes 
these  hydrants  are  used  also  for  the  filling  of  the  street-sprinkling 
carts,  while  in  other  cases  special  hydrants  are  used  for  this 
purpose.  There  are  two  principal  types,  namely,  the  post  hydrant, 
shown  in  section  in  Fig.  34,  and  the  flush  hydrant  (Fig.  35).  The 
former  is  the  common  form  in  the  United  States;  the  latter  is 
more  frequently  used  in  Europe.  Hydrants  are  always  so  con- 
structed that  their  pipes  are  left  empty  when  the  hydrant  valve 
is  closed  and  the  hydrant  not  in  use. 


r  ""11 

r 

"s 

1 

J 


Fig.  32.  Valve  Indi- 
cator Post. 


Fig.  33.   Valve  Indicator 
Post. 
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Talve  opeiL  Drip  cloeed 
Fig.  34.   Section  of  Post  Hydrant. 


Fig.  35.  Section  of  Flush  Hydrant 
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Water  Supply  of  Buildings. 

For  the  maintenance  of  a  well-arranged  system  of  plumbing  and 
house  drainage  in  buildings  a  perfect  system  of  water  supply  and 
distribution  is  required.  The  water  supply  and  the  sewerage  of 
habitations  are  correlated,  each  requiring  the  other  in  order  that 
their  objects  may  be  well  and  satisfactorily  fulfilled. 

The  water  supply  of  dwelling-houses  will  be  described  in  detail 
in  Chapter  V,  and  that  of  the  larger  modern  office  and  other  build- 
ings in  Chapter  VI.*  The  following  paragraphs  are  intended  to 
give  a  condensed  summary  of  the  subject. 

The  water  supply  of  buildings  varies  according  to  the  source  of 
supply  and  the  available  pressure.  In  cities,  it  is  derived  from  the 
network  of  street  mains  which  form  the  water-distribution  system; 
for  country  houses  it  is  often  necessary  to  install  an  independent 
supply  derived  from  dug,  driven  or  bored  wells,  rain-water  cisterns, 
springs,  brooks,  creeks  and  streams,  or  from  lakes. 

Supply  Systems.  —  The  plumbing  appliances  in  buildings  are 
supplied  either  from  direct  street  pressure,  or  from  house  tanks,  or 
by  a  combination  of  both  systems.  Where  the  pressure  in  the 
street  mains  is  high,  house  tanks  are  unnecessary;  but  country 
houses  usually,  and  city  houses  sometimes,  require  tanks  in  order 
to  store  the  water  pumped.  A  combination  of  both  methods 
becomes  necessary  in  districts  of  cities  where  the  pressure  is  in- 
sufficient to  reach  the  upper  floors  of  buildings  at  all  hours  of  the 
day.  (See  Chapter  V.)  In  such  cases  tanks  are  provided  which  are 
filled  from  the  pressure,  where  this  is  higher  during  the  night  hours; 
where  doubt  exists  as  to  this  being  always  the  case,  the  tanks  are 
filled  by  means  of  house  pumps. 

In  country  houses,  however,  the  water  must  always  be  lifted  to 
the  tanks  by  pumps.  Pumping  is  likewise  required  when  pressure 
tanks  are  used.  Drinking-water  should,  where  possible,  be  supplied 
from  direct  street  pressure. 

In  some  instances  the  pressure  in  the  street  mains  is  too  heavy, 
and  in  this  case  house  tanks  are  useful  in  preventing  the  quick 
wearing  out  of  the  plumbing  system. 

*  The  special  features  involved  in  the  water  .supply  of  country  houses  are  to  be 
found  in  the  author's  book  entitled  "  The  Sanitation,  Water  Supply,  and  Sewage  Dis- 
posal of  Country  Houses,"  1909. 
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House  Tanks.  —  House  storage  tanks  are  constructed  either  of 
wood  or  of  steel.  If  of  wood  they  are  either  built  of  staves  in  round 
form  like  coopers'  tanks,  or  they  are  made  of  narrow  boards  and 
their  inside  lined  with  tinned  copper.  Lead-lined  and  galvanized 
iron  tanks  are  unsafe,  owing  to  the  danger  from  water  standing 
long  in  contact  with  these  metals.  Painted  wrought-iron  tanks 
are  also  much  used.  All  tanks  except  those  placed  on  the  roofs 
require  tank  safes,  iron  tanks  particularly  so  because  they  sweat  in 
summer  owing  to  condensation.  Tanks  should  always  be  pro- 
vided with  covers  to  exclude  dust;  these  are  indispensable  when  the 
tanks  are  located  on  the  roof. 

Tank  overflows  should  discharge  on  to  the  roof  or  into  a  sink  in 
the  lower  part  of  the  house;  they  should  never  connect  with  a  soil 
or  waste  pipe.  Emptying  pipes  should  be  provided  for  cleaning 
out  the  tanks,  and  these  as  well  as  the  safe  wastes  may  discharge 
on  the  roof;  a  connection  with  a  soil  or  waste  pipe  is  not  permissible. 
Tanks  should  be  supported  on  heavy  steel  beams. 

Water  Mains  and  Service  Pipes.  —  The  street  mains  are  of  cast 
iron  and  the  service  pipes  of  galvanized  wrought  iron  or  of  heavy 
lead  pipe.  Brass  taps  or  corporation  stopcocks,  usually  ^  and 
{  inch  in  diameter,  connect  the  service  pipe  with  the  street  main. 
The  larger  residential  buildings  are  supplied  from  one  or  several 
J-inch,  and  sometimes  by  i-inch  services  through  water  meters. 
Public  buildings  require  supply  pipes  varying  from  2  to  4  inches; 
theater  buildings  and  manufacturing  establishments  require  6-inch 
mains  for  fire  protection. 

Diagram  Plate  4,  for  the  discharge  of  large  water  mains,  has  been 
enlarged  and  recomputed  by  the  author  from  a  similar  one  in  the 
fourth  editionof  the  **  Handbuch  der  Ingenieur-Wissenschaften, "  the 
metric  measures  and  values  being  changed  by  him  to  English  values. 

This  diagram  is  based  upon  one  constructed  by  Professor  Bau- 
meister  in  1884.  The  horizontal  line  gives  the  volume  of  water  in 
cubic  feet  per  second;  the  vertical  lines  indicate  velocity  of  water 
in  feet  per  second.  The  inclined  lines  represent  the  diameter  of 
pipe  in  inches,  and  the  curved  lines  indicate  the  ratio  of  fall  to  length. 
Each  curve,  as  will  be  seen,  has  two  values  for  7,  the  smaller  one 
being  for  a  coefficient  of  roughness  b  =  0.27,  the  larger  one  for 
coefficient  =  0.45. 
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The  diagram  is  worked  out  from  the  Kutter  formula, 

a  v"^ 


Velocity  = 


b  +  VR 


-X  VrxJ, 


in  which  a  =  loo  and  b  represents  one  of  12  coefficients  of  rough- 
ness varying  from  0.12  to  2.44. 


R  represents 


sectional  area  filled 
wet  perimeter. 


Example.  — To  discharge  15  cubic  feet  per  second,  with  /  = 
0.002  (coefficient  of  roughness  =  0.27),  a  pipe  27  inches  in  diameter 
is  required.     The  velocity  of  flow  would  be  3.6  feet  per  second. 

Supply  Pipes.  —  The  water  pipes  inside  of  buildings  are  of  differ- 
ent materials,  viz.,  either  of  lead,  of  galvanized  wrought  iron  or 
of  tinned  brass. 

Sizes  of  Supply  Pipes.  —  Table  No.  VI  gives  the  usual  sizes  of 
pipes  used  in  dwellings  for  the  supply  of  plumbing  fixtures. 

TABLE  VI. 


Main  Supply  or  Ser\^ice  Pipe i\-2^ 

Supply  to  House  Tank ii~ii^ 

Pump  Risers |            i J-2^ 

Supply  to  Kitchen  Boiler 1           i-i  J* 

"      "    Laundry  Boiler |            f-i' 

Supply  Risers  to  Bath  Rooms  [hot  and  cold] |           i-ii'' 

Branch  Supply  to  a  Water-closet  Cistern ^^ 

"       "  Bath  Tub f 

"       "  Wash  Basin |              i" 

"  Pantry  Sink |              i^ 

"       "  Kitchen,  Scullery  or  Slop  Sink.  . .                 i"    • 

"  Urinal  Cistern |              i'^ 

**       "  Needle  and  Shower  Bath |           i-i^' 

"       "  Sitz  or  Foot  Bath  or  Bidet |              i* 

**            "       "  Set  of  Laundry  Tubs i'' 

Water-closet  Flush  Pipes. 1          ij-ii"' 

Urinal  Flush  Pi]Des |            J-i'^ 
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Arrangement  of  Supply  Pipes.  —  The  supply  pipes  should  always 
be  run  so  that  they  may  be  completely  emptied  when  the  water  is 
shut  off;  rising  lines  should  be  kept  exposed  and  not  be  placed  in 
outside  walls  or  in  plastered  partitions;  wherever  necessary,  supply 
pipes  should  be  protected  against  freezing;  Every  branch  from  a 
riser  or  distributing  line  should  be  provided  with  shut-ofiF  valves 
and  air  chambers. 

Freezing  of  Pipes.  —  Service  pipes,  tanks,  flushing  cisterns  and 
water-supplied  fixtures  should  not  be  placed  where  they  may  be 
exposed  to  frost. 

Faucets  and  Shut-offs.  —  Special  devices  are  used  for  governing 
the  flow  of  water  through  the  house  pipes,  such  as  ball  cocks,  for 


cO^J 


Fig.  36.     Form  of  Faucet  and  Stopcock  Used  in  Experiments  to  Determine 
Discharge  Given  in  Table  VII. 


cisterns  and  tank  supplies;  stopcocks  in  the  line  of  pipes  regulating 
the  flow  of  water  through  it;  and  faucets  or  bibcocks,  placed  at  the 
ends  of  branches  for  the  supply  to  fixtures.  These  are  constructed 
either  as  ground  key  work  with  all-metal  tapering  plugs,  or  as  com- 
pression work  with  compressible  washers.  Round-way  cocks  give  a 
better  flow  of  water  than  the  ordinary  kind.  The  compression  cocks 
are  either  hand-closing  or  else  self-closing.  (See  also  Chapter  V.) 
Delivering  Capacities  of  Faucets.  —  The  following  table,  pub- 
lished by  a  German  firm  of  manufacturers,  gives  the  discharge  of 
faucets  and  shut-off  cocks  of  the  compression  or  screw-down  type, 
constructed  as  shown  in  Fig.  36,  a  and  b.    In  this  special  type  of 
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fitting  the  waterway  when  the  bib  is  opened,  as  in  a,  is  larger  than 
in  ordinary  compression  bibs.  The  hydrostatic  head  was  meas- 
ured directly  at  the  bib.  The  values  for  the  discharges  given  in 
the  table  are  for  bibs  placed  at  the  end  of  a  line  of  supply  pipe,  as 
at  a.  For  shut-off  bibs  in  a  line  of  pipe,  as  at  i,  the  discharge 
would  be  somewhat  smaller  than  given,  the  percentage  of  deduction 
depending  upon  the  friction  in  the  pipe  line,  i.e.,  upon  its  length 
and  diameter. 

Delivery  of  Water  through  Service  Pipes.  —  Table  VIII  gives 
the  amount  of  water  delivered  by  clean  new  supply  pipes  of  differ- 
ent diameters  under  various  heads  of  pressure  and  lengths  of  lines. 
A  diagram  of  the  discharge  of  service  pipes,  taken  from  Coffin's 
book  on  "Hydraulic  Calculations,"  is  given  in  Plate  5.  Other 
diagrams  of  the  discharge  of  service  pipes  may  be  found  in  Chapters 
VI  and  VIII. 

Pressure  Regtdators.  —  Pressure  regulators  are  applied  where 
the  water  pressure  in  the  district  and  in  the  service  pipes  is  very 
heavy.  An  excessive  pressure  tends  to  strain  the  house  supply 
pipes,  increases  the  trouble  due  to  water  hammer,  and  is  apt  to  cause 
a  quick  wearing  out  of  the  supply  pipes  and  fittings. 

There  are  numerous  patterns  and  types  of  pressure  regtdators, 
and  the  majority  make  use  of  brass  springs  in  connection  with 
balanced  valves,  and  are  provided  with  an  adjustment  device  to 
obtain  any  pressure  reduction  desired  (Figs.  37  and  38). 

Pressure  regulators  should  not  be  used  where  not  absolutely 
necessary,  as  they  often  give  trouble  and  get  out  of  order,  chiefly 
so  in  the  case  of  waters  containing  sand,  grit  or  other  foreign  sub- 
stances. 

Water  Meters.  —  These  are  devices  used  to  measure  and  control 
the  consumption  and  to  check  the  wasteful  use  of  water,  particu- 
larly in  manufacturing  establishments  and  in  large  city  buildings 
generally. 

Filtration.  —  The  water  supply  for  cities  or  communities  is  filtered 
on  a  large  scale  by  means  of  artificial  filter  beds,  composed  of  layers 
of  gravel  and  sand;  this  method  is  called  the  sand-filtration  system. 
The  filter  basins  are  either  open  or  covered.  The  reservoir  for 
the  storage  of  the  filtered  water  should  always  be  covered. 

Domestic  or  household  filters  are  intended  for  use  in  individual 
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TABLE  VIII. 

Discharge  of  Water  Service  Pipes  after  Hubbard's  Diagram, 
based  on  Weston's  Formula. 
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Diagram  5.     Discharge  of  Small  Service  Pipes  (from  Coffin,  Graphical  Solution  of 

Hydraulic  Problems). 
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buildings  and  are  of  two  types.  The  pressure  filters,  which  repre- 
sent the  first  type,  are  placed  in  the  line  of  the  main  service  pipe  of 
buildings,  and  they  clarify  the  entire  water  supplied  to  the  build- 
ings; they  are  usually  designated  as  mechanical  filters.  The  other 
type  consists  of  filters  of  comparatively  smaller  capacity  attached 
to  the  faucets  or  nozzles.  They  are  termed  drinking-water  filters, 
and  some  of  the  types  in  common  use  are  the  Pasteur-Chamberland 
and  the  Berkefeld  filters.  They  render  the  water  practically 
germ-proof,  but  require  cleaning  at  frequent  intervals  and  also 
occasional  sterilizing.  The  filtering  material  is  either  porcelain  or 
infusorial  earth  compressed  artificially  into  a  kind  of  stone,  or  else 
some  natural  stones  of  fine  grain  are  used.  In  the  larger  mechan- 
ical filters  the  material  used  is  either  sand,  gravel,  charcoal,  iron 
oxide,  quartz,  or  other  material. 

Work  of  the  Plumber. 

There  was  a  time  when  plumbers  used  principally  lead  as  mate- 
rial for  their  work,  and  the  name  of  the  craft  was  derived  from  it. 
Soil  pipes  were  made  of  sheet  lead  rolled  into  cylindrical  forms  and 
soldered  at  the  edges.  Cisterns,  tanks  and  sinks  were  lined  with 
lead,  and  the  roofs  of  buildings  were  covered  with  it.  The  old- 
fashioned  hand-made  traps,  the  rain-water  heads,  gutters,  leaders 
and  flashing  consisted  of  this  metal.  Later  on,  cast-lead  pipes 
came  into  use,  and  they  in  turn  were  superseded  by  drawn-lead 
pipes,  bends  and  traps.  The  tedious  work  of  bending  pipes 
by  hand  is  now  done  away  with.  Traps  are  made  of  drawn 
lead  and  are  superior  because  they  have  no  sand  holes  such 
as  the  cast-lead  traps  had,  and  because  they  have  no  soldered 
seams  at  which  the  old-fashioned  hand-made  traps  frequently 
opened  up. 

Pipes  and  Pipe  Joints.  —  A  large  part  of  the  plumber's  work 
consists  in  running  pipe  lines  and  in  the  jointing  of  these  pipes. 

The  material  for  pipes  differs  according  to  the  service  which  they 
have  to  perform. 

For  soil  and  waste  pipes  the  plumbers  use  heavy  cast-iron  or 
asphalted  or  galvanized  wrought  iron;  heavy  lead  pipe  is  used  for 
the  short  branches. 
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For  vent  pipes  they  use  heavy  cast-iron,- galvanized  or  lead- 
lined  wrought-iron,  heavy  lead  and  brass  pipe. 

For  drain  pipes  they  use  earthen,  cement  and  extra  heavy  cast- 
iron  pipe. 

For  supply  pipes,  heavy  drawn-lead,  plain  black,  galvanized, 
enameled,  lead-lined,  tin-lined  and  glass-lined  wrought-iron 
pipes,  or  else  tin-lined  lead  pipe  or  tinned  brass  and  copper 
pipe. 

For  suction  pipes  from  cisterns  and  wells y  tin-lined  lead  and  block- 
tin  pipe. 

For  iUuminating  gas,  natural  gas,  acetylene  gas,  black  or  plain 
wrought-iron  pipe,  galvanized-iron  pipe,  and,  for  exposed  piping, 
brass. 

For  steam,  plain  black  wrought-iron  pipe. 

For  gas  and  water  street  mains,  heavy  asphalted  cast-iron  hub 
pipes,  cast-iron  Universal  pipes  with  lugs,  asphalted  or  cement- 
lined  wrought-iron  pipes,  and  wooden-log  pipes. 

Pipe  joints  differ  according  to  the  material  of  the  pipes.  Glazed 
earthen  pipes  are  jointed  with  cement;  cast-iron  pipes  with  oakum 
and  molten  lead;  lead  pipes  by  solder-wiped  joints;  brass  and 
wrought-iron  pipes  by  screw  joints;  copper  pipes  are  jointed  by 
soldering  and  brazing;  lead  and  iron  pipes  are  connected  by  means 
of  brass  ferrules  or  nipples,  and  lead  and  brass  pipes  are  joined  by 
solder-wiped  joints. 

With  progress  in  manufacturing,  better  and  stronger  materials 
than  lead  pipes  became  available  for  the  plumber's  work.  The  cast 
and  wrought  iron  pipes  for  water,  sewage  and  gas  lines,  and  the 
copper  and  brass  pipes,  fittings  and  traps  for  interior  plumbing  work, 
have  to  a  large  extent  replaced  the  former  lead  work  and  given  to 
plumbing  work  an  entirely  different  character.  In  the  modern 
American  plumbing  comparatively  little  lead  work  is  used,  whereas 
in  England  and  France  the  trade  still  uses  to  a  large  extent  lead 
soil,  water  and  gas  pipes. 

The  journeyman  of  to-day  should  understand  not  only  the  wiping 
of  soldered  joints,  but  he  must  also  be  able  to  make  screw  joints  in 
wrought-iron  and  brass  piping,  lead-calked  joints  in  cast-iron  pipe, 
as  well  as  flange  joints  and  other  special  joints  in  block  and  tin- 
lined  pipes. 
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Other  Work  of  the  Plumber.  —  Plumbers'  work  comprises  the 
running  of  soil  and  waste  pipes  and  of  house  sewers;  the  installa- 
tion of  sewage-lifting  apparatus  or  of  sewage  ejectors;  the  tapping 
of  street  mains  and  inserting  of  corporation  stops,  the  bringing  of 
water  services  into  buildings,  and  the  proper  running  and  distribu- 
tion of  the  supplies  for  the  plumbing  appliances,  tanks  and  hot- 
water  boilers;  the  fitting  up  of  water  meters  and  the  setting  and 
connecting  of  water-lifting  apparatus,  such  as  hand  lift  and  force 
pumps,  hot-air  pumping  engines,  steam  and  gas  pumps,  water 
motors,  electric  and  fire  pumps. 

Quite  often  plumbers  fit  up  cooking  ranges  for  coal  or  for  gaseous 
fuel;  they  also  make  the  connections  of  the  water  backs  or  pipe  coils 
in  the  range  with  the  kitchen  boiler,  hence  they  should  thoroughly 
understand  how  to  obtain  a  perfect  hot  water  supply  distribution 
and  hot-water  circulation. 

InstaUing  Fire-protection  Apparatus.  —  Plumbers'  work  embraces 
the  installation  of  fire-protection  apparatus  in  buildings,  such  as 
special  fire  pumps,  standpipes,  fire  valves  and  fire  hose. 

In  theaters,  institutions,  and  in  manufacturing  establishments, 
as  well  as  in  high  office  buildings,  the  plumber  erects  the  standpipes 
for  fire  protection;  sometimes  he  installs  the  entire  fire-extinguishing 
apparatus.  In  some  cases  fire  standpipes  are  run  on  the  outside 
of  buildings,  with  branches  provided  for  all  of  the  floors,  and  with 
one  or  several  fire  department  connections  at  the  bottom  of  the  line, 
to  which  tlie  fire  engines  are  connected.  Such  standpipes  are  called 
"dry"  because  they  are  ordinarily  kept  empty.  More  usually, 
the  standpipes  are  placed  on  the  inside  of  buildings,  with  branches 
and  fire  valves  on  every  floor,  and  equipped  with  standard  fire 
hose  and  fire  nozzles  attached  to  the  valves,  and  the  line  is  always 
kept  full  of  water  in  occupied  buildings  heated  in  winter  time, 
in  order  to  be  instantly  available  in  case  of  fire. 

The  recent  fire  department  rules  of  New  York  City  require  every 
building  exceeding  85  feet  in  height  to  be  provided  with  an  interior 
standpipe,  which  must  be  from  four  to  six  inches  inside  diameter, 
according  to  the  height,  with  2j-inch  branch  outlets  on  each  floor, 
and  which  also  must  be  extended  out  to  the  street  in  front  of  the 
building  and  there  provided  with  a  Siamese  fire  department  con- 
nection. 
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Setting  Plumbing  Fixtures.  —  The  plumber  should  be  thoroughly 
conversant  with  the  setting  up  of  the  numerous  kinds  and  types 
of  plumbing  fixtures  and  understand  how  to  connect  them  with  the 
soil  and  waste  pipes  in  such  a  way  as  to  secure  a  quick  and  safe 
removal  of  the  waste  water  or  house  sewage,  and  at  the  same  time  a 
perfect  exclusion  of  the  sewer  air.  He  should  in  particular  know 
how  to  avoid  dangerous  by-passes  in  the  plumbing  system.  A 
number  of  such  by-passes  or  faulty  connections  due  either  to 
ignorance  or  carelessness  have  been  shown  in  the  illustrations, 
Figs.  26-29. 

Gas  Piping  Work.  —  At  the  present  time  the  plumber  also  fits  up 
buildings  with  gas  pipes,  for  lighting,  cooking,  heating  and  pov/er 
purposes.  Formerly  such  work  was  done  exclusively  by  a  separate 
trade  of  gas  fitters.  In  country  houses  he  also  sets  up  and  connects 
the  machines  for  the  generation  of  lighting  gas. 

Plumbing  Work  of  Country  Houses.  —  In  the  case  of  country 
residences,  the  plumber  often  provides  pressure  or  gravity  conduits 
for  bringing  the  water  from  a  spring,  a  reservoir  or  a  mountain 
lake  to  the  buildings;  he  also  sets  up  hydraulic  rams,  erects  wind- 
mill pumps  with  tower  tanks  or  with  pneumatic  pressure  tanks. 
He  digs  or  drills  wells  for  water  supply,  and  builds  imderground 
reservoirs  or  cisterns  for  the  storage  of  rain  water.  In  connection 
with  cisterns  he  puts  up  the  pipes  which  are  to  convey  the  water 
falling  upon  the  roofs.  His  work  also  includes  the  fitting  up  of 
rain-water  cut-oflFs  on  the  leader  pipes,  of  filtering  chambers  for  the 
rain  water,  and  the  pipe  connections  between  pumps  and  cisterns 
or  wells. 

Plumbing  of  Bath  Houses.  —  Under  the  direction  of  architects  or 
of  sanitary  engineers  plumbers  fit  up  public  bath  houses,  and  put  in 
the  piping  installations  of  swimming-baths,  of  Turkish  and  Russian 
baths  and  of  special  hydropathic  establishments. 

Special  Work.  —  Special  plumbers'  work  is  the  fitting  up  on 
board  of  ships  and  yachts  of  ship  closets,  lavatories,  baths  and 
.  sinks.  In  large  hotel  kitchens,  and  in  kitchens  and  laundries  of 
public  institutions,  plumbers  make  the  numerous  connections 
required  for  steam  cooking  kettles,  for  laundry  machinery,  etc. 
(See  Gerhard's  Kitchens  and  Laundries,  Chicago,  1910.)  Plumbers 
also  fit  up  water  sterilizers  and  mechanical  or  pressure  filters. 
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Future  Progress  in  Plumbing.  — At  the  time  when  .water  was 
first  introduced  into  habitations,  plumbing  work  was  a  very  simple 
aflfair  compared  with  the  very  intricate  and  elaborate  plumbing 
system  of  the  large  modem  buildings.  But  while  it  is  true  that 
much  progress  has  been  made  in  the  art  of  fitting  up  buildings 
with  plumbing  conveniences  of  all  kinds,  the  manual  work  of  the 
plumber  has  not  advanced  so  much.  Future  improvements  should 
be  directed  towards  a  more  accurate  and  mechanical  workmanship. 
By  this  I  mean  that  it  should  be  possible  to  lay  out  the  plumbing 
work  and  fit  it  in  the  shop  in  much  the  same  way  as  the  machinists 
turn  out  their  work  in  the  erecting  shop.  This  would  enable  a 
more  rapid  and  more  accurate  putting  together  of  the  several  parts 
to  be  assembled  at  the  building. 
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CHAPTER  IL 
SANITARY  FIXTURES  AND  APPLIANCES. 

Modern  Conveniences:  Their  Danger  and  how  to  Avoid  it. 

Modern  town  and  country  houses  are  rarely  considered  finished 
and  completely  furnished  unless  they  contain  a  fair  number  of 
household  conveniences.  Among  the  latter,  the  domestic  sanitary 
fixtures  and  appliances  constitute,  doubtless,  those  of  the  greatest 
importance,  for  unless  carefully  and  judiciously  selected  and 
fitted  up  in  accordance  with  the  best  rules  of  modem  sanitary 
drainage,  they  may,  instead  of  being  a  comfort  and  a  labor-saving 
convenience,  turn  out  to  be  health-endangering  features  in  a 
dwelling. 

Indeed,  the  innumerable  instances  of  bad  plumbing  and  defective 
drainage  of  the  past  years  have  caused  many  prudent  householders 
to  look  with  suspicion  upon  plumbing  generally.  The  sensational 
writing  of  some  sanitarians  has  also  done  much  to  create  a  feeling 
of  distrust  and  fear  against  sewers,  house  drains  and  the  fittings 
and  fixtures  connected  with  them. 

Some  medical  practitioners,  too,  have  contributed  their  share 
towards  increasing  this  feeling  of  suspicion.  Years  ago.  Dr.  Frank 
Hastings  Hamilton,  in  a  well-known  and  much-discussed  essay 
entitled  "The  Struggle  for  Life  against  Civilization  and  iEstheti- 
cfsm,*'  reached  the  following  conclusions: 

"In  order  to  render  pure  and  innocuous  the  atmosphere  of  our  houses, 
whether  the  sources  of  its  impurity  are  to  be  found  in  our  present  system 
of  lighting,  heating  or  drainage,  it  will  be  necessary,  first  of  all,  that  civili- 
zation should  make  some  concessions.  ...  If  we  limit  ourselves  to  the 
consideration  of  the  unwholesome  atmosphere  of  our  houses  —  although 
this  does  not  by  any  means  constitute  the  only  possible  or  probable 
source  of  sickness  and  physical  decay  incident  to  civilization  —  the 
concessions  demanded,  as  a  condition  of  the  successful  application  of 
our  present  knowledge  of  the  laws  of  hygiene,  are: 
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''That  all  plumbing  having  any  direct  or  indirect  communication 
with  the  sewers  shall  be  excluded  from  those  portions  of  our  houses 
which  we  habitually  occupy.  In  other  words,  that  it  shall  be  placed  in 
a  separate  building  or  annex.  '* 

The  concessions  suggested  by  Dr.  Hamilton,  which  refer  to  heat- 
ing and  lighting  our  homes,  are  omitted  here  purposely. 

Let  us  consider  whether  the  learned  writer  of  these  paragraphs 
was  right  in  what  he  said  concerning  plumbing  work,  and  whether 
his  suggestion  of  placing  all  plumbing  fixtures  in  a  separate  annex 
to  a  house  is  the  only  remedy  for  the  dangers  incident  to  bad  house 
drainage. 

Sanitary   Arrangements  and  Appliances. 

The  object  of  all  domestic  sanitary  appliances  is  to  facilitate  good 
housekeeping  by  reducing  the  trouble  and  labor  and  by  furthering  1 
neatness  and  tidiness  of  servants,  to  aid  in  establishing  perfect 
cleanliness  in  the  household,  and  to  increase  the  convenience  and 
comfort  of  a  house.  Indeed,  the  influence  of  good  sanitary  appli- 
ances upon  the  health  of  body  and  mind  of  individuals  can  hardly 
be  questioned,  provided,  of  course,  the  fixtures  are  properly  arranged 
and  properly  taken  care  of.  To  do  entirely  without  "modern 
improvements  '*  would  be  almost  as  impossible  as  it  would  be  to  do 
without  railroads,  steamboats,  telegraph  wires  and  telephones. 

There  is,  nevertheless,  a  certain  amount  of  truth  in  the  statements 
quoted,  if  we  apply  them  to  the  actual  condition  of  plumbing, 
heating  and  lighting  arrangements  as  found  in  the  majority  of 
existing  buildings.  After  many  years'  experience  in  the  sanitary 
inspection  of  buildings  both  in  cities  and  in  the  country,  I  am  safe 
in  positively  asserting  that  there  are  but  very  few  older  houses 
which  are  habitable  from  a  sanitary  point  of  view. 

As  a  rule,  plumbing  work  done  twenty-five  or  more  years  ago 
is  radically  defective,  and  such  is  also  undoubtedly  true  of  the  heat- 
ing arrangements,  whether  by  stove,  furnace,  steam  or  hot-water 
apparatus,  whether  by  direct  or  indirect  radiation,  and  it  applies 
equally  to  the  fixtures  and  pipes  serving  to  light  our  dwellings  with 
illuminating  gas.  All  these  appliances  combined  continually  tend 
to  contaminate  the  atmosphere  in  our  houses,  and  to  this  air,  ren- 
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dered  measurably  impure,  much  illness  and  continued  low  condition 
of  health  may,  undoubtedly,  be  attributed. 

An  enumeration  and  description  of  the  most  usual  defects  would 
alone  fill  a  volume.  Books,  large  and  small,  popular  and  scientific, 
are  readily  accessible  in  which  defective  work  and  its  injurious 
influences  upon  health  are  described.  I  shall  not  give  a  long  and 
startling  account  of  the  common  features  of  faulty  work,  but  will 
merely  state  that,  in  my  judgment,  such  defects  are  avoidable  and 
that  it  is  perfectly  feasible  to  enjoy  the  advantages  of  "modem 
conveniences"  without  following  the  extreme  views  maintained 
by  some  theoretical  sanitarians.  It  is  certainly  undesirable,  and  it 
is  not  necessary,  to  banish  all  plumbing  fixtures  to  an  annex  sepa- 
rated from  the  main  building.  It  is  likewise  possible  to  light 
our  rooms  with  illuminating  gas  and  to  heat  and  ventilate  our 
dwellings  with  steam  or  hot-water  apparatus,  or  by  a  warm-air 
furnace,  in  a  safe,  agreeable  and  healthful  manner,  retaining, 
however,  in  the  principal  rooms,  for  the  sake  of  ventilation,  the 
welcome  fireplace.  Doubtless  it  becomes  necessary  to  make  a  few 
concessions  to  secure  safety,  but  the  sacrifices  required  are  not 
such,  I  believe,  as  would  meet  with  much  opposition. 

General  Advice  on  Sanitary  Matters. —  First,  I  advise  in  awarding 
contracts  for  work  on  buildings,  to  keep  entirely  separate  from  the 
builders  contract  the  plumbing  and  drainage  work,  the  heating 
and  also  the  lighting.  Separate  estimates  should  be  received 
for  these  important  branches  from  reputable  firms,  and  the  con- 
tract awarded  to  a  responsible  man  in  each  line  of  work,  or  else  the 
work  should  be  done  by  the  day  on  a  percentage  basis.  Subsequent 
repairs  become  necessary  very  soon  wherever  work  of  this  character 
is  done  in  a  hasty  and  superficial  manner,  without  proper  super- 
vision, and  by  the  man  who  puts  in  the  lowest  bid.  Annoying 
repairs  are  almost  entirely  avoided  where  the  above  advice  is  followed. 

Second,  I  recommend  to  employ  in  the  work  none  hut  first-class 
tradesmen  and  mechanics  with  large  experience,  who  have  the 
reputation  of  being  thoroughly  competent  and  honest. 

Third,  I  advise  using  only  first-class  material,  fittings  and  appli- 
ances. By  "first  class"  I  do  not  mean  appliances  of  more  than 
usual  elegance,  enriched  by  expensive  decorations  and  fitted  with 
costly  cabinet  work.     On  the  contrary,  I  refer  to  plain  and  simple 
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appliances,  in  the  manufacture  of  which,  however,  the  best  available 
material  and  best  workmanship  have  been  combined.  Such  appa- 
ratus, it  is  true,  will  cost  more  at  first  than  the  usual  sum  set  aside 
for  such  work,  but  it  will  pay  better  in  the  end  to  select  only  fixtures 
and  fittings  of  the  best  manufacture. 

Fourth,  no  more  sanitary  fixtures  than  are  actually  needed  should 
be  put  in  a  house,  and  all  plumbing  which  will  not  be  in  daily  and 
constant  use  should  be  avoided. 

Fifth,  I  recommend  that  no  plumbing  appliance  of  any  kind 
be  placed  in  any  bedroom  or  unventilated  closet  adjoining  it.  In 
other  words,  all  plumbing  should  be  confined  to  the  bath  rooms, 
toilet  rooms,  the  kitchen,  scullery,  pantry  and  laundry.  This 
will  necessitate  doing  without  the  "set"  bowls  in  bedrooms  so  often 
scatteted  all  over  a  house.  I  advise  doing  this,  because  it  is  better 
not  to  run  even  a  slight  risk  in  adopting  the  so-called  "modern 
conveniences."  While  I  shall  hope  to  be  able  to  demonstrate  that 
plumbing  can  be  so  arranged  as  to  be  perfectly  harmless  in  a  well- 
ventilated  bath  room,  the  risk  of  exposure  to  sewer  air  from  an  open- 
ing into  a  sewer  from  a  bedroom,  even  when  such  opening  is  trapped, 
cannot  and  should  not  be  disregarded.  To  quote  from  Clarence 
Cook's  "The  House  Beautiful": 

"There  is  one  customary  enemy  to  be  got  rid  of  in  the  bedroom, 
and  that  is  the  fixed  washstand.  This  machine  is  useful  enough  in 
public  places,  in  hotels  and  restaurants,  but  ought  to  be  banished,  both 
for  sanitary  and  aesthetic  reasons,  from  our  domestic  life.  Leaving  out 
of  view  the  expense  of  plumbing  arrangements,  —  their  liability  to  get 
out  of  order,  the  frequency  with  which  they  get  stopped  up,  and  freezing 
in  the  winter,  and  all  the  evils  water  and  drain  pipes  are  heir  to,  —  I 
believe  it  is  now  admitted  that  the  drain  pipes  are  the  source  of  a  great 
deal  of  disease  of  our  cities  and  even  our  country  towns.  Convinced  of 
this,  and  seeing  no  certain  way  to  prevent  the  evil  so  long  as  drain  pipes 
are  allowed  in  bedrooms,  many  people  nowadays  are  giving  up  fixed 
washstands  altogether,  and  substituting  the  old  arrangement  of  a  movable 
piece  of  furniture  with  movable  apparatus,  —  the  water  brought  in 
pitchers,  and  the  slops  carried  bodily  away  in  their  native  slop-jars. '* 

Finally,  I  warn  against  the  widely  spread  belief  that  plumbing 
work — and  heating  apparatus  as  well — once  finished,  may  be 
left  to  the  management  of  ignorant  domestics,  and  that  they  require 
no  looking  after.     This  view  is  indeed  an  erroneous  one,  and  I 
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would  advise  doing  away  with  plumbing  fixtures  altogether  rather 
than  to  run  such  risks.  This  will,  I  hope,  become  more  apparent 
in  the  subsequent  discussion  and  detailed  description  of  tjie  appli- 
ances which  I  consider  suitable  for  use. 

It  must  be  conceded  that  it  is  desirable  to  have  the  utmost  simplic- 
ity of  arrangement^  and  that  all  useless  complication  of  such  work 
is  to  be  avoided,  but,  on  the  other  hand,  convenience  of  use  should 
not  be  lost  sight  of. 

Every  room  and  closet  of  a  house,  containing  plumbing  apparatus, 
should  be  amply  provided  with  air  and  light.  How  to  arrange 
plumbing  fixtures  in  such  a  manner  as  to  secure  immunity  from 
sewer  air,  and  how  the  much-needed  flushing  of  traps  and  waste 
pipes  and  the  equally  desirable  ventilation  of  the  whole  waste-pipe 
system  can  be  effected,  has  been  pointed  out  in  the  preceding  chap- 
ter. How  best  to  avoid  all  manner  of  complicated  movable  ma- 
chinery, in  the  shape  of  valves,  cranks,  levers,  wires,  rods,  etc.,  and 
how  the  fixtures  may  be  so  arranged  as  to  secure  cleanliness  and 
freedom  from  any  dirt  accumulation,  will  he  discussed  later  on. 

Plumbing  Fixtures  in  General. —  Before  I  describe  more  in  detail 
the  various  appliances  which  in  my  judgment  are  best  adapted 
to  the  needs  of  residences,  I  desire  to  say  a  few  words  in  general 
about  plumbing  fixtures. 

The  selection  of  suitable  apparatus  is  a  matter  of  the  greatest 
moment,  inasmuch  as  household  cleanliness  must  depend  to  a 
large  extent  upon  its  character  and  arrangement.  And  here  I 
find  myself  quite  at  variance  with  some  sanitary  advisers  who 
emphasize  only  the  requirement  of  a  proper  system  of  drains,  waste 
pipes  and  traps,  claiming  that  "if  the  drainage  pipes  of  a  house 
are  well  ventilated,  and  the  branch  pipes  from  fixtures  well  trapped, 
it  makes  little,  if  any,  difference  what  kind  of  apparatus  is  connected 
to  them." 

While  I  admit  that  a  number  of  undesirable  or  bad  appliances 
attached  to  a  well-devised  pipe  system  cannot  do  the  same  amount 
of  harm  as  the  very  best  fixtures  if  set  upon  badly  arranged  and  ill- 
ventilated  or  unlrapped  pipes,  yet  it  appears  to  me  very  important 
and  decidedly  better  in  the  end  to  use  care  and  judgment  in  order 
to  obtain  a  system  of  drainage  which  will  be  perfect  in  all  respects^ 
in  other  words,  with  faultless  traps  and  faultless  pipes,  but  also 
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With  faultless  fixtures.  As  the  object  of  a  good  system  of  town 
sewerage  may  be  entirely  defeated  by  a  defective  system  of  house 
drainage,  just  so  may  the  best  system  of  soil  and  drain  pipes  in  a 
building  fail  to  give  satisfaction  on  account  of  improper  fixtures 
or  traps. 

Plumbing  fixtures,  to  begin  with,  should  be  concentrated  in  a 
dwelling  as  much  as  possible,  and  not  scattered  about  in  all  direc- 
tions. One  should  avoid  a  multiplication  of  soil-pipe  stacks,  or  the 
equally  objectionable  alternative  of  long  lateral  waste  pipes  which 
must  of  necessity  be  carried  with  insufficient  fall,  and  which  often 
require  a  deep  notching  of  the  floor  joists.  Each  fixture  should,  if 
possible,  have  an  entirely  separate  and  independent  connection  to  the 
main  pipe  system.  Moreover,  each  fixture  should  be  separately  and 
safely  trapped. 

There  is  an  endless  variety  of  plumbing  appliances  obtainable  from 
manufacturers  or  dealers,  but  the  range  of  selection  becomes  quite 
limited  when  a  few  of  the  leading  requirements  are  considered.  It  is 
hardly  necessary  to  say  that  the  material  of  the  fixtures  should  be 
strong  and  durable,  non-absorbent  and  non-corrosive,  and  the  in- 
terior surfaces  highly  smooth  and  free  from  corners  which  readily 
become  befouled  and  which  are  difficult  to  clean.  AH  unnecessary 
complication  must  be  avoided.  Convenience  and  simplicity  are  the 
great  desiderata  for  all  fixtures.  It  is  well,  in  particular,  to  avoid  all 
useless  movable  machinery  liable  to  derangement  and  requiring  fre- 
quent repairs. 

All  fixtures  should  be  arranged  in  an  open  manner  and  without- 
the  commonly  followed  method  of  encasing  fixtures  with  tight  wood- 
work. 

All  concealed  overflow  channels  should  b6  avoided  as  being  diffi- 
cult to  flush  and  hence  liable  to  accumulate  and  retain  foul  slime, 
which  readily  putrefies  and  causes  annoying  smells.  The  same 
applies  in  a  lesser  degree  to  safe  drip  pipes.  The  fixtures  should  one 
and  all  be  arranged  without  any  hidden  or  inaccessible  overflow  pipe, 
yet  be  constructed  in  such  a  manner  as  to  remove  with  safety  any 
accidentally  overflowing  water. 

The  fixtures  which  I  recommend  and  prefer  to  use  differ  from 
those  commonly  chosen  in  having  unusually  large  waste  outlets,  so 
as  to  give  a  free  and  quick  discharge  and  to  cause  a  thorough  scouring 
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of  the  waste  pipes  attached  to  the  fixtures.  The  pipes,  on  the  con- 
trary, and  the  traps  attached  to  them,  should  be  of  a  smaller  bore 
than  it  is  usual  to  make  them.  In  this  way  only  can  the  fouling  and 
subsequent  stoppage  of  waste  pipes  and  traps  be  ultimately  and  efl5- 
ciently  prevented.  The  arrangement  advocated  is  quite  the  opposite 
of  what  is  considered  proper  by  the  majority  of  architects,  builders 
and  plumbers,  who  still  prefer  to  use  fixtures  which  have  small  outlets, 
obstructed  by  strainers,  and  which  empty  through  large  branch  pipes 
and  through  possibly  still  larger  traps  into  the  main  drainage  channel. 
In  order  to  still  further  insure  the  complete  scouring  of  the  interior 
of  waste  pipes,  I  endeavor  to  avoid  the  usual  trickling  flow  from  fix- 
tures by  advocating  and  selecting  certain  types  of  appliances  arranged 
so  as  to  constitute  small  flush  tanks;  that  is  to  say,  those  in  which  all 
water  can  be  retained  until  a  large  volume  accumulates,  when  it  is 
sent  with  great  velocity  through  the  pipes.  This  refers  in  particular 
to  sinks  and  basins.  In  the  case  of  water-closets,  slop-sinks  and 
urinals,  the  separate  flushing  cisterns  fitted  up  with  the  fixtures 
accomplish  the  perfect  cleansing  and  scouring  of  the  fixture,  trap  and 
waste  pipe.     In  the  words  of  an  eminent  sanitarian: 

"At  every  point  the  water  used  for  the  transportation  of  the  wastes 
that  are  to  pass  through  the  pipes  should  be  used  in  the  most  effective 
manner.  A  thread  of  water  running  from  an  imperfect  faucet  is  prac- 
tically of  no  value  whatever.  The  watchword  of  our  best  present 
movement  is  the  word  *  flushing.^  After  pipe  ventilation  the  great 
secret  of  good  drainage  lies  in  the  use  of  abundant  Volumes  of  water 
delivered  in  a  mass  along  with  each  contribution  of  filth.  A  perfect 
system  of  drainage  and  water  supply  would  be  one  where  at  all  ordinary 
times  not  a  drop  of  water  flowed  through  the  outlet  channels,  only 
occasional  dashes  of  several  gallons  lubricating  the  walls  of  the  pipes, 
and  carrying  along  completely  and  with  velocity  substances  which, 
under  the  old  system,  smeared  their  sluggish  road  along  the  pipe,  and 
left  material  for  infectious  decomposition  behind." 

It  is  quite  evident  that  to  obtain  security  in  a  system  of  house 
drainage  and  plumbing,  the  aim  should  be  to  entirely  remove  through 
the  fixtures,  whether  the  water-closet,  the  wash  basin  or  the  sink, 
the  inevitable  production  of  waste  matters  before  decomposition  sets 
in,  for  in  the  same  degree  as  the  decomposition  proceeds,  the  offen- 
siveness  increases  and  with  it  the  risk  of  entrance  of  dangerous  gases 
of  putrefaction. 
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A  Few  Words  on  House  Planning,  with  Reference  to 
Comfort  and  Convenience  in  Houskeeeping. 

No  matter  how  careful  attention  an  architect  devotes  to  the  domes- 
tic needs  and  requirements  of  a  household,  he  is  seldom  able  to  grasp 
all  the  smaller  details  which  make  up  in  particular  woman's  sphere. 
By  combining  architectural  skill  and  woinan's  practical,  common 
^ense,  the  plans  of  a  house  may  be  admirably  contrived,  every 
inch  of  available  space  properly  utilized,  particular  attention  given 
to  the  avoidance  of  dark  corners  or  inconvenient  stairs,  and  the 
rooms  and  closets  provided  with  ample  light.  Everything  which 
increases  home  comfort  should  be  duly  considered.  The  conven- 
ience, prospect  and  aspect,  privacy  and  best  distribution  of  rooms; 
warmth,  ventilation  and  light;  the  avoidance  of  damp  cellars  and 
foundation  walls  and  of  leaky  roofs,  —  these  ancf  other  points  com- 
bined tend  to  make  a  dwelling  not  merely  a  shelter  against  the  ele- 
ments, but  a  beloved  spot  where  housekeeping  may  be  a  source  of 
constant  pleasure  and  infinite  enjoyment. 

The  servants'  quarters,  comprising  the  kitchen,  scullery,  store- 
room, laundry  and  pantry  on  the  lower  floors,  and  the  housemaid's 
closet  and  servants'  bedrooms  on  the  upper  floors,  should  be  grouped 
conveniently  together,  yet  be  placed,  if  possible,  so  as  to  be  shut  off 
from  the  main  part  of  the  house.  A  direct  communication  can  be 
established  between  the  lower  and  the  upper  floors  by  means  of  a 
convenient  service  staircase. 

A  roomy  linen  closet  should  be  provided  on  one  of  the  upper  floors 
of  every  house.  This  closet  or  compartment  should,  where  practi- 
cable, be  warm  and  dry,  and  therefore  its  position  should  not  be 
against  an  outer  wall.  It  is  well,  where  space  is  available,  to  have 
near  it  a  separate  well-lighted  and  airy  closet  for  the  storage  of  the 
soiled  family  clothes.  Wide  shelves  of  enameled  wood  or  of  slate, 
which  can  be  frequently  washed,  serve  for  the  assorting  of  the  wash- 
ing, which  is  taken  from  there  to  a  lift  used  for  the  washing  only,  and 
sent  down-stairs  to  the  laundry,  to  be  soaked  in  the  washtubs  on  the 
night  previous  to  washing  day. 

Nor  should  we  overlook  in  our  houses  measures  tending  to  pro- 
mote the  comfort  and  health  of  those  whom  we  expect  to  work 
for  us.     Hence  the  servants'  chambers  should  not  be  the  usually 
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small,  musty  holes,  which  hardly  deserve  the  name  of  a  room,  and 
which  are  scarcely  sufficient  in  size  to  accommodate  one  small 
bed,  a  table  and  a  single  chair.  Servants'  bedrooms,  particularly 
where  a  separate  servants'  hall  has  not  been  provided  in  the  plans, 
should  be  of  ample  size  and  comfortably  fitted  up,  so  as  to  be  also 
a  sitting-room  where  the  servants  may  escape  from  the  heat  of  the 
kitchen  and  rest  after  the  performance  of  their  daily  household 
duties.  The  room  should  have  a  pleasant  outlook,  good  ventila- 
tion, ample  light  and  closet  space.  To  quote  from  Robert  W. 
Edis,  an  English  architect: 

"I  cannot  too  strongly  insist  upon  the  necessity  of  making  those  about 
us  as  comfortable  as  possible,  for  I  am  quite  sure  that,  if  we  provide 
comfort  and  health  for  them,  they  will  be  much  more  capable  of  doing 
their  daily  work -fairly  and  acting  well  by  us.  Remember  always  that  a 
large  proportion  of  their  lives  is  spent  absolutely  underground,  and  that 
it  is  essential  that  they  should  have  at  least  one  room  which  shall  be 
cheerful,  well  ventilated,  and  as  pleasant  as  we  can  make  it.  Put 
yourselves  in  their  places,  and  do  as  you  would  be  done  by,  and  so  far 
as  my  experience  teaches  me,  I  am  morally  certain  that  the  master  or 
mistress  who  provides  well-lighted  apartments  for  them  to  live  and  sleep 
in  will  be  more  certain  of  keeping  good  servants,  and  of  obtaining 
good  work  from  them.  If  they  are  to  be  mewed  up  in  ill-ventilated, 
uncomfortable  and  unhealthy  chambers. for  the  greater  part  of  their 
daily  lives,  you  can  hardly  expect  their  work  to  be  properly  done;  the 
atmosphere  in  which  they  live  will  enervate  them  and  make  them  com- 
paratively useless." 

The  Kitchen. —  Nowhere  else,  perhaps,  does  careful  planning 
secure  such  good  results  as  in  the  servants'  department,  and  particu- 
larly in  the  kitchen.  The  proper  arrangement  of  this  room  has  a 
well-known  bearing  upon  the  future  comfort  and  happiness  of  the 
inmates  of  a  dwelling-house.  Hence  efforts  should  be  made  to 
render  the  kitchen  not  a  mere  dismal  place,  where  cooking  and  wash- 
ing are  performed,  but  an  attractive,  convenient  and  bright^^^t, 
a  sitting-room,  as  it  were,  for  the  domestics. 

The  kitchen  should  be  of  a  sufficient  size  to  permit  the  convenient 
performance  of  the  cooking  operations;  it  should  be  neither  too 
narrow  and  crowded  nor  of  too  large  dimensions.  Windows  on 
opposite  sides  of  the  kitchen  to  allow  of  cross-ventilation  in  the 
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summer  time  are  desirable,  but  obtainable  only  in  those  houses 
which  stand  detached. 

There  should  be  plenty  of  closet  room  and  abundance  of  shelf 
space;  in  other  words,  the  kitchen  should  be  arranged  in  accordance 
with  the  old  saying:  "A  place  for  everything  and  everything  in 
its  place." 

In  order  to  avoid  as  much  as  possible  the  nuisance  incident  to 
'^  washing  day,"  the  kitchen  and  laundry  departments  should  not 
be  combined.  Ordinarily,  owing  to  lack  of  space,  and  partly  also 
to  reduce  the  labor  of  the  one  servant,  who  is  obliged  to  do  both 
the  cooking  and  the  washing,  these  are,  at  least  in  the  smaller  private 
houses,  combined  in  one  room.  If  there  is  anything  which  may  be 
said  to  disgust  the  feelings  of  any  person  at  all  fastidious,  it  is  the 
atmosphere  of  an  ordinary  kitchen  on  the  day  when  washing  is 
being  done.  The  whole  room  seems  on  such  occasions  to  be  filled 
with  a  mixture  of  vapors  arising  from  the  cooking  of  food  on  the 
range  and  from  the  boiling  and  soaping  of  the  soiled  family  clothes 
and  bed-linen,  all  more  or  less  saturated  with  the  waste  excretions 
from  the  body.  These  volatile  elements  attach  themselves  to  the 
furniture  of  the  kitchen,  cling  to  the  walls,  ceilings  and  floors;  they, 
unfortunately,  often  penetrate  to  the  front  hall,  staircase  and  the 
livingrooms  and  bedrooms,  and  announce  to  any  casual  visitor  at 
the  front  vestibule  the  fact  that  washing  is  being  done.  A  thorough 
removal'  by  efficient  ventilating  flues  of  both  the  cooking  fumes 
and  the  vapors  from  the  wash-boiler  should  be  insisted  upon.  The 
best  remedy,  doubtless,  consists  in  having  a  laundry  entirely  separate 
from  the  kitchen,  both  of  them  being  ventilated  in  the  best  possible 
manner. 

The  Kitchen  Sink. —  In  taking  up  the  discussion  of  the  fixtures 
let  us  begin  with  the  kitchen  sink,  which  is  one  of  the  most  indis- 
pensable outfits  of  a  well-appointed  kitchen.  Unless  a  special 
scullery  is  provided,  the  meat  and  vegetables  are  washed  and  pre- 
pared for  cooking  in  the  kitchen  sink;  it  also  serves  for  the  washing 
of  the  cooking  utensils  and  dishes  after  meals. 

The  sink  receives  much  of  the  kitchen  grease,  and  this  gives 
rise  to  the  principal  difficulty  in  dealing  with  this  kind  of  plumbing 
fixture.  The  grease  usually  passes  through  the  sink  strainer 
dissolved   in   hot  water,   and  therefore  in  a  fluid  condition.     It 
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soon  chills,  however,  becomes  more  or  less  solid,  attaches  itself  tp 
the  walls  of  the  waste  pipes  and  traps,  especially  where  these  are  of 
too  large  caliber,  and  becomes  hard.  Thus  it  sooner  or  later  causes 
annoying  stoppages. 

This  difficulty  is  well  known  to  most  householders,  and  to  avoid 
it  careful  housewives  are  in  the  habit  of  saving  as  much  of  the  grease 
as  possible  instead  of  pouring  it  out  into  the  sink,  while  in  large 
houses  it  is  quite  usual  to  employ  a  device  of  some  form  or  other, 
technically  called  a  grease  trap,  which  is  intended  to  arrest  the  grease 
before  it  passes  into  the  waste  pipes.  To  prevent  the  occurrence 
of  obstructions  in  the  sink  pipes  it  is  also  a  common  practice  to 
pour  a  hot  solution  of  potash  or  lye  through  the  pipes,  which  dis- 
solves, at  least  to  some  extent,  the  grease  and  thereby  cleanses  the 
pipes  and  traps.  All  grease  which  remains  for  any  length  of  time 
attached  to  the  pipes  undergoes  a  rapid  and  very  offensive  putre- 
faction, but  this  fact  is  apt  to  be  overlooked  by  householders. 
It  thus  becomes  the  sanitarian's  duty  to  lay  particular  stress  upon 
this  matter  and  to  point  out  that  dangers  to  health  may  lurk  in  the 
kitchen  sink  pipe  not  less  than  in  the  water-closet  drain. 

In  small  houses,  and  wherever  care  is  taken  to  save  the  grease, 
a  plain  kitchen  sink  may  answer  all  purposes.  The  usual  material 
for  sinks  is  cast  iron,  and  its  surface  is  sometimes  protected  from 
rust  either  by  painting,  galvanizing,  enameling  or  by  the  Bower- 
Barff  process.  Paint  soon  washes  off,  the  galvanized  coating  wears 
out,  and  the  enamel  or  porcelain  lining  is  apt  to  crack  or  scale  off. 
Plain  iron  sinks  can  be  kept  entirely  free  from  rust,  provided  they 
are  in  constant  use. 

Much  the  best,  brightest  and  cleanest  material,  however,  for 
kitchen  sinks  is  white  earthenware  or  solid  stoneware.  Such  sinks 
are  now  readily  obtainable  of  all  sizes  and  shapes;  they  are  supported 
on  bronzed  or  galvanized  iron  or  brass  or  white  porcelain  legs,  and 
are  provided  either  with  a  hardwood  or  still  better  with  a  glazed 
roll-rim,  doing  away  with  all  woodwork  (Fig.  39).  The  sink  should 
have  a  marble  or  porcelain  back  to  protect  the  wall  from  splashings. 
Some  sinks  are  manufactured  with  integral  back,  thus  avoiding  the 
rather  objectionable  joint  between  sink  and  back. 

Other  kinds  of  sinks,  such  as  those  of  plain  wood,  or  wood  lined 
with  lead,  zinc  or  copper,  and  those  of  slate  or  sandstone,  have 
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gradually  gone  out  of  use.  Sinks  made  of  soapstone  are  still  em- 
ployed,  especially  in  the  New  England  States,  but  they  soon  acquire 
a  black  coloring  owing  to  the  grease  absorbed  in  the  grains  of  the 


Fig.  39.     View  of  a  Solid  Porcelain  Kitchen  Sink. 


Stone,  which  renders  their  appearance  far  from  inviting.  Nothing 
surpasses  in  purity  and  beauty  a  white  all-porcelain  sink,  with 
molded  edges,  the  sink  being  made  strong  enough  so  as  not  to 
crack  or  break. 

If  such  a  sink  is  used,  it  is  quite  important  to  have  its  outlet  pro- 
tected with  a  strong  polished  or  plated  brass  strainer,  sectirely 
fastened  to  the  sink,  otherwise  servants  will  frequently  remove  the 
strainer  and  brush  all  kinds  of  solid  refuse  into  the  pipes,  which  will 
cause  frequent  stoppages  and  a  never-ceasing  demand  for  the 
"family  plumber."  Since  it  is  the  usual  practice  in  washing 
dishes  to  set  into  the  sink  a  wooden  vessel  filled  with  water,  which 
is  quickly  emptied  after  use,  the  waste  pipe  and  trap  receive  at  fre- 
quent intervals  a  reasonable  amount  of  scouring,  provided  the  pipe 
and  trap  are  restricted  in  size  so  as  to  concentrate  the  flushing  water. 
For  some  reasons  I  prefer  a  form  of  kitchen  sink  having  a  standpipe 
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overflow  in  place  of  an  open  strainer,  and  in  which  water  can  be 
held. 

Grease  Traps  for  Sinks. —  Where  much  grease  is  wasted,  it  is 
customary  to  use  a  grease  trap  with  the  kitchen  sink.  My  experience 
with  several  kinds  of  grease  traps  has  led  me  to  discard  all  those 
attached  to  the  sink,  or  located  close  to  the  sink,  or  else  placed  in 
the  basement,  and  intended  to  arrest  and  retain  the  grease.  It  is  a 
most  difficult  matter  to  get  the  cook  to  attend  to  the  removal  of  the 
grease  at  frequent  intervals,  and  the  cleansing  of  the  grease  chamber 
is  thus  generally  neglected.  Hence  the  grease  traps  actually  soon 
turn  into  a  noxious  cesspool  within  the  house,  and  if,  finally,  water 
refuses  to  flow  off  freely,  the  removal  of  the  putrefied  grease  causes 
an  abominable  nuisance. 

A  grease  trap  of  stoneware  or  built  of  brickwork,  located  outside 
of  the  house,  not  too  far  away  from  the  sink,  —  for  otherwise  the 
grease  would  solidify  before  it  would  get  to  the  grease  trap,  —  is 
much  less  objectionable  than  the  usual  indoor  appliance. 

A  device,  attached  directly  underneath  the  sink  which  was  in- 
vented by  the  late  Col.  George  E.  Waring,  Jr.,  seems  to  answer  the 
requirement  of  preventing  the  grease  from  clinging  to  the  inside  of 
the  waste  pipes,  besides  insuring  a  good  flush  to  the  trap  and  its 
waste.  This  apparatus  is  called  the  flushpot,  and  it  can  be  attached 
to  kitchen  sinks  of  iron,  soapstone  or  porcelain.  It  is  illustrated 
in  Fig.  40,  and  to  describe  it  I  cannot  do  better  than  quote  the 
words  of  the  inventor: 

"The  flushpot  is  an  entirely  new  departure.  It  holds  back  everything, 
water  and  all,  until  it  is  filled.  The  pot  under  the  sink  holds  six  or  seven 
gallons.  Its  contents  are  then  discharged  —  the  whole  volume  sud- 
denly —  with  such  flushing  force  as  to  prevent  adhesion  to  the  walls 
of  the  waste  pipe.  It  is  entirely  simple  in  its  construction  and  needs  no 
special  thought.  When  the  water  ceases  to  run  from  the  sink,  the  cook 
knows  she  must  lift  the  plug  a  of  the  flushpot,  by  means  of  knob  c. 
The  strainer  b  may  be  easily  removed  at  will.  The  whole  interior, 
when  exposed  to  view,  is  within  the  easy  reach  of  a  clout  or  a  wisp,  so 
that  it  may  be  kept  as  clean  as  a  soup  kettle.  We  thus  secure  the  entire 
removal  of  the  whole  of  this  greatest  source  of  foul  decomposition  before 
its  putrefaction  begins.  In  discharging  the  flushpot,  the  handle  should 
be  raised  only  until  the  stop  strikes  the  lower  side  of  the  strainer.  The 
strainer  should  not  be  removed  except  for  cleansing.  //  should  never 
he  removed  while  refuse  of  any  kind  is  in  the  sink. " 
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Fig.  40.     Section  of  Kitchen  Sink  with 
Flush  pot. 
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But  herein  lies,  possibly,  the 
danger  in  the  use  of  this  ap- 
pliance. Kitchen  servants  are 
proverbially  neglectful  in  small 
matters,  however  often  the  mis- 
tress of  the  house  may  instruct 
them.  Hence  much  refuse,  so 
conveniently  brushed  out  of  sight 
by  simply  lifting  the  strainer,  will 
find  its  way  into  the  flushpot,  and 
although  a  rapid  flush  will  carry 
away  safely  through  the  pipes 
many  of  the  smaller  particles,  the 
larger  and  coarser  matter  may 
sometimes  remain  in  the  trap  and 
cause  obstructions. 

I  should  be  inclined  to  give 
preference  to  a  standpipe  kitchen 
sink,  which  I  once  devised  and 
suggested  as  a  modification  of  the 
The  sink  shown  in  the  illustra- 


flushpot.  (See  Figs.  41  and  42.) 
tions  in  plan  and  section  is  divided  by  a  vertical  partition  wall  a 
into  a  shallow  and  a  deep  part.  The  shallow  sink  A ,  with  slightly 
inclined  bottom,  is  used  in  the  same  manner  as  ordinary  sinks 
are.  The  water  flows  from  it  into  the  deeper  receptable  B  through 
a  vertical  strainer  in  the  partition  a,  which  strainer  retains  all  the 
coarser  refuse.  This  is  conveniently  gotten  rid  of  by  being  burned 
in  the  range.  Whenever  the  deeper  receptacle  is  filled  to  the  over- 
^  flow  line  of  the  standpipe  b,  the  cook  lifts  the  latter  by  means 
of  a  knob  c,  and  the  discharge  is  effected  in  exactly  the  same  manner 
as  that  of  the  flushpot  described  above.  The  deep  receptacle  B 
may  gradually  accumulate  greasy  slime,  but  this  can  be  readily 
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prevented  by  frequent  cleansing,  which  is  easily  accomplished,  be- 
cause the  vessel  is  left  entirely  open.  Nor  is  it  difficult  to  lift  or 
cleanse  the  standpipe  as  often  as  may  be  desired.     The  deep  recep- 


FiG.  41.     Plan  of  Sink  with  Standpipe  and  Flushpot. 

tacle  serves  a  further  useful  purpose  in  case  it  is  desired  to  wash 
the  utensils,  pots,  dishes,  etc.,  directly  in  a  vessel  holding  a  great 
volume  of  water.     The  sink  can  be  made  of  iron,  but  a  slight 
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Fig.  42.     Section  of  Sink  with  Standpipe  and  Flushpot. 


modification  renders  the  device  equally  applicable  to  the  ordinary 
earthen  sink.  A  sink  constructed  on  this  principle,  but  modified 
somewhat,  was  manufactured  and  sold  some  years  ago  by  the  San- 
itas  Manufacturing  Company  of  Boston. 
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Walls  and  Floors  of  Ejtchens.  —  As  regards  the  immediate  sur^ 
roundings  of  kitchen  sinks,  I  advise  that  under  no  circumstances 
should  a  sink  have  any  enclosure  of  woodwork  or  cupboards  serving 
as  a  storage  place  for  rags,  kitchen  utensils,  and  all  kinds  of  dust  and 
dirt.  Let  everything  be  kept  open  and  in  plain  sight.  The  walls  of 
the  kitchen  to  a  height  of  at  least  five  feet  should  be  lined  either  with 
marble  or  with  white  enameled  tiles.  Their  bright,  non-absorbent 
and  easily  washed  surfaces  add  much  to  the  beauty  and  cleanli- 
ness of  a  kitchen,  besides  measurably  increasing  the  light  of  the 
apartment. 

Concerning  the  kitchen  floor,  it  is  desirable,  from  a  sanitary  point 
of  view,  that  it  be  made  impervious  to  moisture.  Concrete,  mosaic 
tile  or  terrazzo  floors  are  decidedly  to  be  preferred  to  wooden  floors. 
Directly  under  the  kitchen  sink  and  in  front  of  the  range  white 
glazed  tiles  may  be  laid.  Sometimes  a  long  slab  of  marble,  is  put 
on  the  floor  where  the  sink  stands.  Should  wooden  floors  be  used  in 
the  central  portion  of  the  room,  they  should  be  constructed  of  smooth 
and  narrow  strips  of  board  of  the  best  hardwood,  saturated  with 
hot  linseed  oil,  and  well  rubbed  to  give  the  surface  a  bright  polish. 

The  Kitchen  Range  and  Boiler.  —  Another  plumbing  fixture  of 
importance  in  the  kitchen  is  the  hot-water  apparatus,  comprising  Jhe 
water  back  of  the  range  and  the  kitchen  boiler.  The  latter  term  is 
evidently  a  misnomer,  since  the  boiler  is  simply  a  reservoir  for  hot 
water,  while  the  water  back  actually  constitutes  the  boiler.  Very 
little  of  sanitary  importance  can  be  said  concerning  them.  The 
proper  way  of  fitting  up  kitchen  boilers  is  discussed  in  detail  in  the 
chapter  on  "Domestic  Water  Supply."  For  details  about  kitchen 
ranges  the  readers  are  referred  to  the  author's  book,  "  Kitchen  and 
Laundries,"  Chicago,  1910. 

The  Butlei^s  Pantry.  —  Adjoining  the  dining-room,  and  in  the  case 
of  country  houses  conveniently  placed  between  it  and  the  kitchen,  we 
find  in  the  better  class  of  houses  a  butler's  pantry  and  china  closet. 
This  apartment  should  contain  plenty  of  shelf  room  and  cupboards  for 
the  finer  china  ware  and  for  glasses.  It  should  also  be  fitted  up  with 
a  good -sized  plate-warmer,  heated  by  hot  air  or  by  steam,  taken 
from  the  house-heating  apparatus,  or  else  by  a  gas-burner.  Quite 
recently  plate-warmers  heated  by  the  electric  current  have  come  into 
use.     Sometimes  the  pantry  contains  ^  a  small  refrigerator  for  the 
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keeping  of  butter,  jelly,  or  a  few  wine  bottles  (Fig.  43).  Plenty  of 
space  should  be  provided  near  the  window  for  a  pantry  sink,  in 
which  cups,  glasses,  plates  and  fine  china  are  washed.  The  sink 
should  be  supplied  with  hot  and  cold  water,  and  have  a  large  and 
convenient  draining  shelf. 


m 


Fig.  43.     A  Pantry  Refrigerator. 


The  Pantry  Sink.  —  The  usual  material  chosen  for  pantry  sinks  is 
tinned  and  planished  copper.  This  is  preferable  to  enameled  cast 
iron  and  also  to  earthen  or  porcelain  sinks,  as  it  avoids  the  frequent 
breakage  of  the  glass  and  china  ware.  Copper  sinks  are  made  in 
all  sizes,  either  with  a  flat  or  else  with  an  oval  bottom,  the  former 
being  preferable,  as  dishes  do  not  slide  in  them  as  they  do  in  oval 
sinks.  The  ordinary  forms  of  sinks  are  provided  with  an  outlet 
placed  in  the  center  or  at  one  end  of  the  sink  bottom.  The  outlet  is 
closed  with  a  plug  attached  to  a  chain,  and  hence  an  overflow  pipe 
must  be  arranged.  Occasionally  such  sinks  are  fitted  up  with  a 
waste-cock  or  waste-valve,  closing  the  outlet  pipe  and  thus  retaining 
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water  in  the  sink.  In  this  case,  too,  the  usual  overflow  is  arranged 
concealed,  though  sometimes  the  waste-valve  is  constructed  so  as  to 
act  as  overflow  pipe. 

I  am  not  in  favor  of  either  arrangement  and  believe  that  a  much 
simpler  and  in  every  way  better  device  consists  in  a  pantry  sink  with 
standpipe  overflow.  This  does  away  with  both  the  many  easily 
befouled  Hnks  of  the  chain  and  with  the  nuisance  arising  from  the 
common  overflow  pipe,  which  being  inaccessible  is  difficult  to  clean, 
and  never  has  a  powerful  flush  of  water  through  it,  but  merely  occa- 
sionally a  trickling  stream.  The  plated  brass  standpipe  serves  at 
once  as  a  plug  to  close  the  outlet  when  water  is  to  be  retained  in  the 
sink,  and  also  as  an  overflow  pipe  in  case  the  water  should  be  acci- 
dentally left  running  at  the  faucets.  A  standpipe  can  be  easily  lifted 
and  readily  cleaned,  and  when  arranged  in  a  recess  of  the  sink  it  is 
not  in  the  way  in  washing  dishes. 

Such  pantry  sinks  are  made  either  of  tinned  and  planished  copper, 
of  at  least  twenty-four  ounces'  weight  per  square  foot,  or  else  of  the 
more  expensive  German  silver  or  white  metal.  The  most  service- 
able, though  rather  expensive,  sinks  are  those  made  with  two  com- 
partments, one  for  washing,  the  other  for  rinsing.  All  sinks  should 
have  a  large  outlet,  protected  by  a  strainer. 

A  convenient  arrangement  is  what  is  known  as  the  "Sanitas" 
pantry  sink,  in  which  the  standpipe  is  provided  with  a  simple  cam 
movement  to  lift  it  from  its  seat  when  it  is  desired  to  empty  the  sink. 
The  volume  of  water  discharged  from  a  sink  with  large  outlet  is 
concentrated  beyond  in  the  smaller  trap  and  waste  pipe,  causes  a 
thorough  flushing  of  both,  and  prevents  the  grease  from  the  dishes 
from  adhering  to  the  sides  of  the  pipe. 

Another  device  having  the. latter  object  in  view  is  the  ordinary 
copper  pantry  sink  with  copper  flushpot  of  small  size  attached  to  its 
imderside.  The  flushpot  is  similar  to  the  one  shown  in  Fig.  40  and 
holds  about  a  gallon  of  water.  The  operation  of  the  fixture  is  the 
same  as  that  of  the  flushpot  described  for  kitchen  sinks. 

A  pantry  sink  should  always  be  arranged  free  from  all  tight 
enclosure,  so  that  the  space  under  the  sink,  the  floor  and  the  rear 
wall  may  be  entirely  exposed  and  accessible  to  the  broom  and  dust 
brush  of  the  servant.  (See  Fig.  44.)  The  floor  should  be  finished 
in  tiles  or  in  marble,  as  ought  also  to  be  the  walls,  in  preference 
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to  the  usual  wooden  wainscoting.  The  sink  should  have  a  back  of 
marble  to  prevent  splashing  against  the  walls.  Concerning  the  top 
finish  of  the  sink,  I  would  say  that  although  it  is  quite  customary 
to  cover  a  pantry  sink  with  a  marble  slab  on  account  of  its  cleanly 
appearance,  I  prefer  using  a  hardwood  draining-shelf,  the  wood 
being  well  seasoned,  and  well  filled  previous  to  use,  and  arranged 
with  a  number  of  inclined  grooves  to  allow  the  water  dripfping  from 
glasses  or  cups  after  rinsing  to  drain  away  into  the  sink.  Much 
of  the  usual  breakage  of  china  ware  by  careless  servants  will  thus  be 
averted.     A  still  better,  though  much  more  expensive,  drain-board 


Fig,  44.     View  of  Pantry  Sink. 

is  made  in  German  silver  metal,  and  is  combined  with  the  German 
silver  sink,  and  usually  also  comprises  a  metal  splash-back. 

The  Refrigerator. —  A  large  storeroom  should  be  planned  ofiF 
the  kitchen,  preferably  on  the  cool  side  of  the  house,  for  the  keeping 
of  the  kitchen  supplies.  The  refrigerator  may  be  placed  in  this 
room.  There  is  always  some  danger  of  the  food  supply  or  the  milk 
becoming  tainted  and  unfit  for  use  by  even  slight  contaminations 
of  the  air  in  the  store-closet.  Accordingly,  special  pains  should 
be  taken  to  have  this  apartment  well  ventilated  by  a  window  ad- 
mitting plenty  of  light  and  a  direct  supply  of  pure  air  from  outdoors, 
at  least  in  summer  time. 

Absolute  cleanliness  should  be  the  principal  feature  of  the  store- 
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room.  The  walls  should  be  tiled  to  the  usual  height  of  the  wain- 
scoting, while  above  it  the  walls,  as  well  as  the  ceiling,  should  be 
finished  with  a  rendering  of  smoothly  polished  cement  which  may 
be  enamel  painted,  so  as  to  be  perfectly  non-absorbent  and  readily 
washed  and  cleaned  by  means  of  a  sponge.  Woodwork  should  be 
avoided  as  much  as  possible.  All  shelves' should  consist  of  slate,  of 
marble  or  of  annealed  glass. 
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Fig.  45.     Arrangement  of  Refrigerator  Waste  Pipe. 


There  should  not,  of  course,  be  a  direct  connection  between  a 
refrigerator  and  a  soil  or  drain  pipe.  In  small  households  a  pail 
may  be  placed  imder  the  refrigerator,  to  be  emptied  as  soon  as 
filled  by  the  drippings  from  the  melted  ice.  But,  wherever  the 
demands  of  the  household  require  a  rather  large  quantity  of  ice, 
the  manual  labor  involved  in  the  frequent  removal  of  the  pail  is 
quite  considerable,  and  overflows  will,  in  all  likelihood,  occur  at 
times.     It  is  therefore  usual  to  carry  the  refrigerator  waste  over 
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a  securely  trapped  sink  placed  in  the  basement  or  cellar.  The 
refrigerator  waste  pipe  should  be  at  least  ij  inches  in  diameter, 
and  provision  should  be  made  for  frequent  flushing.  One  method 
of  trapping  a  refrigerator  waste  pipe  is  shown  in  Fig.  45.  As 
shown,  the  waste  pipe  has  not  only  an  anti-siphon  trap,  but  also  a 
gate  valve  to  cut  off  the  waste  pipe  entirely  when  so  desired. 

The  Laundry. — The  laundry  is  a  specially  important  depart- 
ment in  the  practical  working  of  a  household,  and  its  fitting  up 
should  be  made  perfect  in  all  respects.  Much  valuable  assistance 
may  be  received,  to  attain  this  end,  from  the  counsel  of  an  ex- 
perienced housekeeper,  for  no  man  can  know  the  practical  details 
of  household  work  better  than  a  woman  does. 

The  laundry  room,  as  already  indicated,  should  be  entirely  separate 
from  the  kitchen,  and  located  so  as  to  avoid  the  free  distribution  of 
laundry  vapors  throughout  the  whole  house.  Where  the  means 
permit  doing  so,  a  further  subdivision  may  be  made  by  arranging 
a  separate  washing-room  or  laundry  and  an  ironing-room,  combined 
with  a  drying-room.  As  a  rule,  however,  both  the  washing  and 
finishing  operations  are  performed,  in  private  residences,  in  the  same 
room. 

Sometimes  this  room  is  put  on  the  top  floor  of  the  house  so  as  to 
avoid  the  nuisance  of  soapy  smells  and  vapors  of  steam  pervading 
the  house.  A  part  of  the  attic  can  then  without  difficulty  be  trans- 
formed into  a  drying  closet.  But  the  location  adjoining  the  kitchen 
undoubtedly  simplifies  the  question  as  to  the  water  supply  for  the 
washing  tubs,  as  to  the  chimney  flue  required  for  the  wash-boiler 
and  as  to  the  ventilation  of  the  apartment;  it  also  does  away  with 
the  possibility  of  damages  to  ceilings  caused  by  the  tubs  overflowing. 

Washing  Operations. —  The  washing  operations  consist  in  the 
preliminary  washing  of  the  soaked  linen,  in  the  boiling  with  lye  or 
soda,  in  the  washing  proper,  the  rinsing,  bluing  (for  cotton  and 
linen  only)  and  the  wringing  of  the  clothes. 

To  be  conveniently  performed,  washing  requires  a  set  of  usually 
three,  but  sometimes  four,  stationary  washtubs,  each  supplied 
with  hot  and  cold  water,  also  a  copper  wash-boiler  and  a  small 
laundry  sink.  On  dry  and  sunny  days  the  washing  is  dried  and 
bleached  out  of  doors,  in  the  case  of  country  houses  on  a  plot  of 
grass  land  or  a  well-kept  lawn  situated  at  the  rear  of  the  house, 
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sheltered  from  view,  yet  well  exposed  to  the  wind  currents.  But 
to  avoid  the  frequent  delays  in  the  laundry  caused  in  the  rainy 
season  or  in  winter  time,  a  drying-room  is  usually  provided  in 
city  houses  and  arranged  in  the  basement,  or  else  in  the  cellar, 
in  which  case  it  may  be  connected  with  the  laundry  by  a  dumb 
waiter.  This  may  also  be  continued  to  the  upper  floors  and  used 
to  send  the  finished  linen  upstairs.  Such  a  drying-closet  is  particu- 
larly convenient  in  those  city  houses  which  have  only  a  small  back 
yard. 

The  drying-closet  is  provided  with*  a  number  of  upright  frames 
or  "horses"  for  hanging  up  the  wet  linen,  the  horses  being  sus- 
pended from  and  sliding  on  rollers,  so  as  to  be  easily  pulled  out 
or  pushed  into  the  drying-closet.  The  closet  has  either  coils  of 
steam  pipe,  supplied  with  steam  from  the  house  boiler,  or  else  it  is 
heated  with  hot  air  or  gas,  and  due  provision  is  made  for  a  strong 
circulation  of  air  by  vent  flues  for  removing  the  moisture  due  to 
evaporation.  In  a  special  form  of  laundry  drier  the  heat  from  the 
laundry  stove  is  utilized  for  drying  the  clothes. 

The  finishing  operations,  viz.,  the  starching,  ironing  and  mangling, 
if  performed  in  the  laundry,  require  gne  or  two  ironing  tables  placed 
in  front  of  a  window  and  sometimes  a  small  hand  mangle. 

In  a  laundry  much  heat  and  moisture  are  constantly  and  unavoid- 
ably present;  the  laundress  cannot  help  spilling  from  the  tubs  more  or 
less  water;  annoying  and  even  noxious  vapors  of  steam  are  generated 
at  the  boiler  as  well  as  at  the  tubs,  all  charged  with  soapy  slime  and 
more  or  less  organic  filth;  moreover,  an  often  unbearable  heat  and 
bad  odors  are  present  when  ironing  is  being  done;  hence  the  ventila- 
tion of  the  apartment  and  the  construption  of  its  floors,  walls  and 
ceilings  require  the  most  careful  attention. 

Woodwork  must  be  avoided  as  much  as  possible,  and  preference 
should  be  given  to  non-absorbent  substances,  —  enameled  bricks, 
glazed  tiles,  or  plain,  smooth  cement.  The  floor  of  a  laundry,  at 
least  where  the  tubs  stand,  should  be  made  perfectly  waterproof. 
In  large  laundry  establishments  it  appears  desirable  to  have  a  direct 
removal  from  the  floor  of  all  superfluous  water  through  trapped 
pipes  and  floor  drains  connecting  with  the  house  sewer,  but  such  a 
complication  is  unnecessary  in  private  residences,  where  it  is  easy  to 
take  up  with  a  mop  or  a  sponge  what  little  amount  of  water  is  spilled, 
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and  to  remove  it  in  a  pail.  An  asphalted,  cemented,  marble  or  flag- 
stone floor  IS  suitable  for  large  washing-houses,  but  for  a  small  house 
laundry  nothing  can  surpass  in  cleanliness  and  beauty  a  floor  laid 
wholly  in  white  unglazed  or  vitrified  tiles.  A  good  floor  consisting  of 
rubber  interlocked  tiles  is  used  to  some  extent  in  modern  dwellings. 
The  walls  can  be  made  damp-proof  by  being  laid  with  enameled 
bricks,  or  else  glazed  tiles  may  be  used  to  the  height  of  the  wainscot- 
ing, the  remaining  upper  part  of  the  wall  being  smoothly  rendered 
in  cement  or  oil-painted.  It  is  desirable  that  the  ceiling,  too,  be 
rendered  as  impervious  as  possible,  for  much  of  the  noxious  steam 
vapor  will  rise  and  cling  to  it,  notwithstanding  the  best  ventilation. 

Among  the  fixtures  of  a  laundry  we  often  find  a  boiler  of  tinned 
copper  which  is  used  for  boiling  clothes.  It  is  set  by  the  mason  in 
brickwork,  and  is  supplied  by  the  plumber  with  cold  water  and  with 
emptying  bib.  It  has  a  grate  for  the  fire  below,  and  is  also  pro- 
vided with  a  suitable  space  for  heating  flat  irons.  An  essential 
arrangement  is  a  ventilating  pipe  carried  from  the  kettle  to  a  heated 
flue  to  remove,  when  the  clothes  are  boiled,  the  bulk  of  annoying 
steam  vapors. 

The  Laundry  Tubs.  —  The  most  important  fixture  to  be  provided 
in  a  laundry  is  a  set  of  stationary  washtubs.  Wooden  laundry  tubs 
are  out  of  the  question  on  account  of  their  perishable  character,  their 
liability  to  rot,  and  because  of  sanitary  objections.  Iron  tubs  are 
usually  considered  objectionable  owing  to  the  possibility  of  impart- 
ing rust  stains  to  linen,  though  this  latter  objection  does  not  apply  to 
the  best  grades  of  enameled  iron  tubs.  The  choice  therefore  rests 
between  tubs  of  cement,  soapstone,  slate,  porcelain-lined  iron,  and 
earthenware. 

The  solid  porcelain  tubs  surpass  all  others  in  durability,  fitness 
and  neatness.  Each  porcelain  tub  is  molded  and  glazed  in  one 
piece,  is  perfectly  non-absorbent,  easily  washed  with  a  sponge,  and 
conspicuous  for  its  brightness  and  purity.  The  tubs  are  usually  set 
in  front  of  or  near  a  large  window,  so  as  to  have  the  best  light  avail- 
able for  the  washing  operation.  All  tubs  should  be  fitted  up  in  an 
open  manner;  the  usual  baseboard,  hiding  the  plumbing  work  under 
the  tubs,  should  be  omitted,  likewise  the  wooden  covers.  However 
useful  covers  may  be  for  tubs  located  in  small  apartment-house 
kitchens,  to  make  the  top  useful  as  a  table,  it  is  decidedly  prefer- 
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able  in  a  laundry  to  let  the  air  have  free  access  to  the  inside  of  the 
tubs.  The  tubs  are  set  in  a  framework  supported  by  galvanized, 
bronzed  iron  or  porcelain  legs  of  graceful  shape. 

The  top  of  the  tubs  is  sometimes  fitted  up  with  a  hardwood  rim,  to 
which  the  wash-wringer  can  be  clamped,  but  the  best  sanitary  tubs 


Fig.  46.    View  of  Laundry  Tubs. 

have  molded  and  glazed  roll-rim  edges,  and  the  wringer  can  be 
attached  to  a  detachable  wringer  board.  (See  Fig.  46.)  Each  tub 
has  hot  and  cold  water,  the  former  drawn  either  from  the  kitchen 
boiler  or  from   a  special  laundry  boiler,  and  both   supplied   by 
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Fio.  47.     Plan  of  Set  of  Washtubs. 

faucets  placed  over  the  top  of  the  tubs.  This  arrangement  of  the 
faucets  gives  more  room  in  the  tubs  for  the  clothes  to  be  washed.  In 
place  of  the  chain  and  plug  a  standpipe  overflow  may  be  used,  as 
shown  in  plan  and  in  section  in  Figs.  47  and  48,  thus  avoiding  not 
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only  the  danger  of  an  accidental  overflow,  but  also,  what  is  more 
important,   the  common   nuisance   of   soapy  slime  and  particles 

of  filth  from  soiled  linen  adher- 
ing to  the  countless  links  of  the 
chain. 

The  Laundry  Sink. —  Nowhere 
in  the  laundry  should  any  plain 
iron  be  used,  for  this  causes  rust 
stains  in  the  washing.  There- 
fore if  a  laundry  sink  is  required, 
it  should  be  of  either  porcelain- 
lined  iron  or  of  white  glazed 
earthenware  to  match  the  whole 
appointment  of  the  room.  It 
should  be  set  on  brackets 
strongly  fastened  to  the  wall,  or 
on  legs,  the  space  under  the  sink 
being  left  entirely  open  and  the 
entire  arrangement  being  similar 
to  that  of  the  kitchen  sink.  The 
Fig.  48.  Section  of  Washtub  with  sink  should  have  hot  and  cold 
Standpipe  Overflow.  water  faucets  and  a  large  outlet 

with  a  suitable  strainer,  and  in  place  of  the  chain,  plug  and  hidden 
overflow  pipe  a  nickel-plated  standing  overflow. 

The  Servants'  Water-closet — Adjoining  the  laundry  or  else  near 
the  kitchen,  a  water-closet,  or  a  toilet  or  bath-room  for  the  use  of 
the  servants,  should  be  arranged. 

There  are  decided  objections  against  placing  the  servants'  water- 
closet  in  the  cellar.  Sometimes  a  servants'  bath  room  is  arranged 
on  the  top  floor,  near  the  servants'  bedchambers,  but  in  such  case 
an  additional  water-closet  is  required  not  too  far  from  the  kitchen 
and  laundry.  Ample  light  and  free  access  of  air  should  be  given 
to  the  closet  by  means  of  a  good-sized  outer  window,  and  all  possible 
precautions  should  be  taken  to  avoid  uncleanliness. 

Concerning  the  general  arrangement  of  the  servants'  water-closet, 
it  should  be  remembered  that  this  apartment  is  least  likely  to  be 
periodically  inspected  by  the  head  of  the  household,  and  hence 
slovenliness  and  dirt  accumulation  are  much  more  apt  to  exist 
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here  than  anywhere  else  in  the  house.  Every  possible  aid  should 
be  given  to  induce  clean  habits  of  the  domestics.  In  the  majority 
of  houses  any  comer,  no  matter  how  dark,  ill  ventilated  or  out-of- 


Fio.  49.     Servants'  Toilet  Room  with  Water-closet  and  Washbasin. 


the-way  it  may  be,  is  considered  a  good  enough  place  for  the  serv- 
ants' water-closet,  and  the  usual  practice  is  to  select  and  place  in 
it  the  cheapest  and  generally  the  worst  kind  of  apparatus.  It  is 
hardly  possible  to  make  a  greater  mistake,  for  here,  if  anywhere. 
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perfection  of  the  fixture  and  the  greatest  simplicity  of  arrangement 
are  required. 

The  usual  tight  closet  enclosure  should  be  abolished,  and  the 
riser  as  well  as  the  useless  cover  of  the  seat  should  be  done  away 
with.  Complicated  mechanical  apparatus  with  pulls  and  cups, 
wires  and  cranks,  levers  and  rods,  valves  and  chains,  all  liable  to 
frequent  derangement,  especially  if  used  by  careless  servants 
should  not  be  tolerated.  The  seat  should  be  arranged  in  the 
plainest  way  and  entirely  in  an  open  manner.  Often  the  closet  is 
fitted  up  with  only  a  narrow  round  seat,  resting  on  the  bowl  which 
is  constructed  of  sufficient  strength  to  sustain  the  weight  of  the  per- 
son. The  seat  is  fastened  either  to  the  porcelain  bowl  or  to  a 
wooden  cleat,  and  is  hinged  in  such  a  way  that  it  may  be  lifted  and 
turned  against  the  back  wall,  completely  exposing  the  earthenware 
closet.  Thus  arranged,  the  closet  may  serve  as  a  convenient  urinal 
as  well  as  slop-hopper. 

The  closet  may  stand  on  a  floor  of  white  tiles,  and  the  walls  may 
be  similarly  finished  and  rendered  damp-proof.  If  thus  arranged, 
the  whole  space  is  easily  kept  clean  and  neat.  The  remotest  corner 
is  readily  accessible  to  the  broom  and  the  dust  cloth,  and  the  floors 
and  walls  may  receive  a  daily  washing  with,  a  sponge,  soap  and 
hot  water.  A  neatly  arranged  servants'  toilet  room,  containing  a 
water-closet  and  a  convenient  though  small  lavatory,  is  shown  in 
Fig.  49. 

The  Servants'  Bath.  —  Cleanliness  of  the  body  is  essential  to  the 
health  of  all  individuals.  Hence  it  follows  that  a  servants*  bath  tub 
should  be  looked  upon  not  as  a  luxury  but  as  a  necessity  in  even 
the  humblest  home.  In  fact,  no  house  should  be  built  without 
one,  and  fortunately,  in  its  simplest  arrangement,  it  does  not  cost 
much  to  provide  for  it.  Its  utility  is  much  increased  by  arranging 
it  so  that  it  may  be  readily  supplied  with  hot  water,  and  by  placing 
it  in  a  moderately  heated  apartment,  so  that  it  may  be  used  at  all 
seasons  of  the  year.  A  good  housewife  will  always  consider  the 
needs  of  her  servants  in  this  respect  and  provide,  at  least  where 
economy  in  building  construction  is  no  hindrance,  a  simple  bath 
tub  for  their  use,  so  as  not  to  afford  them  any  excuse  for  slovenliness, 
uncleanness  or  untidiness  in  personal  appearance. 

To  simplify  the  arrangement  of  the  plumbing  work,  the  servants' 


PLUMBING   OF  MODERN   CITY   BUILDINGS. 


lOS 


bath  may  be  located  in  the  attic,  directly  above  the  principal  family 
bath  room  or  else  it  may  be  placed  near  the  kitchen  or  even  in  the 
laundry.  An  iron  bath  tub,  smoothly  enameled  on  the  inside,  or 
else  a  steel-clad  copper  tub,  resting  on  four  short  legs,  thus  leav- 
ing the  floor  space  under  the  tub  entirely  free  and  accessible,  is 
a  serviceable  appliance.  The  tub  must  be  supplied  with  hot  and 
cold  water,  delivered  into  the  tub  at  its  top  through  a  mixing 
nozzle. 

In  place  of  the  usual  plug  and  chain,  a  nickel-plated  standpipe, 
a,  .may  be  inserted  into  the  outlet  of  the  tub   (see  Fig.  50).     If 


Fig.  50.     Section  of  Bath  Tub  with  Standpipe  Overflow. 


water  reaches  the  level  of  the  top  of  the  standpipe,  any  additional 
flow  is  taken  care  of  by  the  standing  overflow,  which  carries  the  sur- 
plus safely  into  the  waste  pipe.  To  discharge  the  contents  of  the 
bath,  the  standpipe  is  removed  and  laid  on  strong  hooks  fastened 
to  the  wall,  and  the  bath  tub  is  then  rapidly  emptied,  the  whole 
volume  of  water  flowing  with  great  force  through  the  outlet  and 
thoroughly  scouring  the  trap,  the  waste  pipe  and  the  main  soil  pipe. 
The  usual  hidden  overflow  is  avoided  and  with  it  a  common  cause 
of  noxious  smells  in  bath  rooms.  There  is  but  one  objection  to  such 
an  arrangement,  and  that  is  that  the  standpipe  is  somewhat  in 
the  way  of  the  feet  while  bathing.  A  better  arrangement,  which 
entirely  overcomes  this  slight  drawback,  is  the  bath  tub  with  stand- 
pipe  placed  in  a  recess  but  so  as  to  be  perfectly  accessible  for  clean- 
ing. This  may  be  combined  with  a  convenient  lifting  arrangement 
for  the  standpipe,  of  which  several  modifications  may  be  found  in 
the  showrooms  of  manufacturers  of  plumbing  supplies. 
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The  Housemaid's  Sink.  —  The  housemaid's  sink  is  in  design 
material  and  detail  arrangement  similar  to,  though  smaller  than, 
the  earthenware  sink  used  for  the  kitchen  or  the  laundry.  This  sink 
is  not  intended  for  pouring  out  slops,  but  merely  to  draw  hot  or  cold 
water  for  the  rooms  on  the  upper  floors;  it  should,  of  course,  have 
a  separate  and  properly  trapped  waste  pipe. 

A  few  other  domestic  appliances  belonging  to  the  servants*  quar- 
ters are  the  slop-hopper,  the  garbage  pail  and  the  dust  bin.  Of  these 
the  slop-hopper  will  be  considered  later  on  under  the  discussion  of 
sanitary  water-closets,  while  the  other  appliances  belong  more  prop- 
erly to  the  general  topic  of  household  cleanliness,  into  which  this 
book  is  not  intended  to  go. 

The  Sanitary  Construction  and  Arrangement  of 
Bath  Rooms. 

The  principal  bath  rooms  should  be  located  close  to  the  family  and 
guests*  bedrooms,  either  with  a  door  establishing  a  direct  communi- 
catibn  between  them  or  connected  with  them  by  a  short  hall.  The 
bath  rooms  should  receive  light  from  an  outside  window  or  from  a 
large  ventilating  skylight.  They  should  be  heated  from  the  central 
heating  apparatus  in  the  cellar,  and  in  addition  to  this  they  may  have 
an  open  fireplace  or  a  gas  fireplace  heater,  which  forms  a  pleasing 
and  distinctive  feature. 

Bath  rooms  of  American  houses  contain  usually  three  fixtures,  a 
bath  tub,  a  wash  basin,  and  a  water-closet.  Sometimes  other  fixtures 
are  added,  such  as  a  bidet,  a  sitz  bath,  or  a  shower  and  needle  bath. 
Frequently  I  have  pointed  out  the  desirability  of  placing  the  water- 
closet  in  a  separate  compartment,  particularly  in  houses  having  only 
one  bath  room,  but  also  for  apartment  houses.  I  shall  not  discuss 
in  this  place  the  relative  advantages  of  bath  rooms  located  in  the 
center  of  the  house,  with  overhead  skylight  and  vent  shaft,  and  of 
those  bath  rooms  which  have  an  outside  window.* 

In  Figs.  51,  52,  53,  and  54  are  shown  interior  views  of  modern 
bath  rooms  which  were  fitted  up  in  high-class  residences  under  the 
direction  of  the  writer. 

♦  See  Gerhard,  Sanitary  Engineering  of  Buildings;  also  Gerhard,  Modern  Baths 
and  Bath  Houses. 


Fio.  51.     View  Showing  Plumbing  Fixtures  in  a  Bath  Room. 


Fig.  52.    View  Showing  Plumbing  Fiartures  in  a  Bath  Room. 
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Fig.  53.     View  of  Bath  Room  Containing  Bath  and  Water-closet. 


loS  Fig.  54.     View  of  Bath  Room  Containing  Bath  Tub  and  Basin. 
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Regarding  the  arrangement  of  bath  or  toilet  rooms  in  general,  the 
floors  and  the  walls  should  be  made  as  much  as  possible  damp- 
proof.  No  more  elegant  finish  could  be  devised  for  the  floor  of  a 
bath  room  than  vitrified  white  tiles,  which  are  conspicuous  for  their 
bright  appearance,  superior  cleanliness  and  purity.  Some  people 
object  to  a  tiled  floor,  claiming  that  it  causes  a  feeling  of  chilliness  to 
the  feet  of  the  person  emerging  from  the  bath,  but  this  may  easily  be 
obviated  by  having  rugs  or  cork  bath  mats  placed  on  the  floor  of  the 
room.  A  fire  in  an  open  fireplace  also  helps  to  prevent  the  sensa- 
tion of  chilliness.  Hardwood  floors,  tightly  jointed  and  well  soaked 
with  hot  linseed  oil,  are  unobjectionable.  Sometimes  a  combination 
of  a  hardw^ood  floor  in  front  of,  and  tiling  or  marble  under,  the  fix- 
tures may  be  used  with  success.  Terrazzo  floors  are  occasionally 
used,  or  plain  asphalt  or  cement  floors,  but  the  latter  are  not  quite 
so  inviting  in  appearance. 

The  walls  should  preferably  be  rendered  waterproof  and  pro- 
tected against  splashing  by  either  marble  or  glazed  tiling  carried  up  to 
the  height  of  the  ordinary  wainscoting.  Cheaper  means  of  protection 
are  a  smoothly  polished  cement  or  rock-plaster  finish,  which  may  be 
enamelrpainted,  or  else  the  leather  or  sanitary  washable  wall  papers. 

Having  a  damp-proof  floor  and  an  open  arrangement  of  the  plumb- 
ing fixtures,  which  will  readily  disclose  the  slightest  leak,  it  is  not 
necessary,  unless  the  ceiling  underneath  should  be  expensively  dec- 
orated, painted  or  frescoed,  to  use  the  usual  unsightly  lead  safes, 
or  the  safe  waste  or  drip  pipes  required  with  these.  They  only 
complicate  the  arrangement  of  the  plumbing  work,  without  being 
of  any  real  practical  value. 

In  large  city  houses  more  than  one  bath  room  is  provided,  the  sec- 
ond one  being  generally  located  near  the  nursery,  or  near  the  guest 
room;  this  should  also  have  a  door  leading  to  it  from  the  hall,  to 
make  it  accessible  from  other  parts  of  the  house.  Some  modem 
mansions  have  a  bath  room  for  each  bedchamber,  and  the  total  num- 
ber sometimes  runs  up  to  from  eight  to  twelve. 

It  is  not  necessary  to  consider  the  general  planning  and  arrange- 
ment of  bath  rooms  in  detail,  for  this  subject  has  been  exhaustively 
discussed  in  the  author's  book  "Sanitary  Engineering  of  Buildings," 
which  also  contains  illustrations  of  bath  rooms,  to  which  the  readers 
are  referred.' 
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It  is  desirable,  however,  to  consider  the  principal  types  of  fixtures 
for  modern  bath  rooms,  and  to  discuss  in  detail  the  bath  tub,  the 
lavatory  and  the  water-closet. 

The  Bath  Tub. — As  regards  the  material  suitable  for  bath  tubs,  the 
choice  is  practically  confined  to  three  kinds,  viz;,  tubs  of  enameled 
cast  iron,  tubs  of  tinned  and  planished  copper,  and  those  molded  in 
one  piece  of  solid  earthenware.  Bath  tubs  are  made  of  different 
lengths  and  of  slightly  different  shape  and  form. 

Occasionally,  bath  rooms  are  fitted  up  with  a  bathing  pool  of 
larger  size,  made  of  blocks  of  marble,  or  of  iron  and  lined  with 
marble  slabs,  or  with  tiles  laid  in  hydraulic  cement.  Such  a  basin 
or  pool  is  usually  sunk  in  the  floor  and  made  accessible  by  marble 
or  stone  steps  leading  down  to  it.  The  arrangement  is  convenient 
and  luxurious,  but  it  also  proves  to  be  rather  expensive,  as  it  requires 
a  special  construction  of  the  floor.* 

Among  the  cheapest  bath  tubs  are  those  of  wood,  which  become 
offensive  as  soon  as  the  wood  begins  to  rot,  when  leakage  is  also 
inevitable.  Such  wooden  tubs  are  used  nowadays  only  for  some 
forms  of  medical  baths.  Zinc-lined  tubs  are  'not  costly  but  do  not 
last  long.  Tin-lined  tubs  are  better  and  also  less  objectionable  in 
appearance. 

The  enameled  iron  and  the  solid  porcelain  bath  tubs  are  in  every 
respect  the  cleanest,  brightest  and  most  attractive  looking;  they 
are  highly  glazed  on  the  inside  surface,  and  rendered  thereby 
entirely  non-absorbent,  so  that  for  a  sanitary  fixture  nothing  better 
or  more  desirable  could  be  found.  The  all-porcelain  tubs  are 
quite  expensive,  and  next  in  order  as  regards  the  price  come  the  , 
enameled  iron  tubs. 

Cheaper  than  either  of  these  are  the  tinned  and  planished  copper 
bath  tubs  of  from  i8  to  24  ounces'  weight  of  the  metal.  The  lighter 
and  less  expensive  copper  tubs,  of  from  10  to  14  ounces'  weight,  are 
easily  dented  and  knocked  out  of  shape,  and  should  not  be  used 
where  durability  is  expected.  What  is  commonly,  in  America, 
called  a  copper  tub  is  really  a  wooden  bath  tub  blocked  out  to  the 
desired  shape  and  lined  on  the  inside  with  copper.  In  England 
and  on  the  Continent  bath  tubs  are  often  made  entirely  of  strong 
copper  metal,  and  stand  on  the  floor  without  any  wood  enclosure. 

*  See  Gerhard,  Modern  Baths  and  Bath  Houses. 
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These  more  expensive  copper  tubs  offer  some  advantages  in  so  far 
as  they  can  be  fitted  up  without  woodwork,  being  set  on  strong 
metal  legs  and  made  to  stand  entirely  free  on  the  floor  of  the  bath- 
room. Quite  recently  the  manufacture  of  such  all-copper  tubs  was 
begun  in  this  country,  but  owing  to  the  limited  demand  for  them 
it  soon  stopped,  chiefly  owing  probably  to  the  recent  success  of  the 
American  potteries  in  the  manufacture  of  all-porcelain  tubs  and 
the  equally  successful  manufacturing  industry  of  porcelain-lined 
iron  tubs. 

Another  kind  of  tub  which  was  not  expensive  was  the  steel-clad 
tub,  which  combined  some  of  the  features  of  the  cast-iron  and  of 
the  copper-lined  tubs,  being  a  shell  of  iron  or  steel  with  an  inside 
lining  of  copper.  It  was  set  on  legs,  and  provided  with  a  hardwood 
rim  at  the  top  of  the  tub;  but  it  was  soon  displaced  by  the  handsomer 
and  more  durable  porcelain-enameled  iron  tub. 

The  waste  arrangements  of  the  bath  tub  require  some  considera- 
tion. The  usual  and  cheapest  method  is  to  have  an  outlet  with 
strainer  at  the  foot  end  of  the  tub,  which  outlet  is  closed  by  a  brass 
or  rubber  plug  fastened  to  a  plated  safety  chain.  To  provide  for 
the  safe  removal  of  water  in  case  the  supply  faucets  are  accident- 
ally left  open,  an  (overflow  pipe  is  arranged,  at  the  foot  end  of 
and  behind  the  tub,  opening  into  the  tub  near  its  top,  where  the 
overflow  is  generally  protected  against  obstruction  by  a  strainer. 

The  objections  to  this  ordinary  method  of  fitting  up  bath  tubs 
are:  first,  the  outlet  is  too  small  and  considerably  obstructed  by 
the  strainer,  and  does  not  allow  the  waste  pipe  to  run  full  bore 
when  the  bath  is  discharged,  hence  the  trap  and  waste  pipe  are 
but  imperfectly  flushed;  second,  the  overflow  pipe  seldom  receives 
a  flow  of  water  and  is  not  flushed,  consequently  slime  and  soapsuds 
remain  attached  to  its  sides,  and  are  difficult  to  remove,  as  the  over- 
flow pipe  is  usually  inaccessible  and  hidden  from  view;  lastly, 
the  .plug-and-chain  device  is  quite  unsatisfactory  and  inconvenient, 
for  the  plug  is  frequently  torn  away  from  the  chain,  and  much  dirt 
and  slime  accumulate  in  the  many  links  of  the  chain,  which  are 
difficult  to  clean  and  practically  always  remain  befouled. 

To  obviate  the  latter  defect,  a  dozen  or  more  waste  arrange- 
ments have  been  devised,  which  did  away  with  the  plug  and  chain, 
substituting  for  it  a  valve  or  waste  cock.     All  of  them,  however, 
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retained  the  objectionable  feature  of  the  concealed  qverflow  pipe 
or  channel. 

A  very  simple  device  has  been  in  use  for  many  years,  especially 
in  Boston  and  the  Eastern  States,  which  removes  all  of  the  above 
objections.  This  is  the  standpipe  overflow,  or  standing  waste, 
already  mentigned  when  speaking  of  servants'  bath  tubs,  and 
which  consists  of  a  brass  tube  of  proper  length,  which  is  inserted! 
into  the  waste  outlet  of  the  tub  whenever  it  is  desired  to  fill  the  i 
latter,  and  which  is  removed  if  the  tub  is  to  be  emptied  (see  Fig.  50). 
It  may  be  hung  up  on  neat  books  over  the  top  of  the  tub.  The 
removal  and  handling  of  the  standpipe  every  time  the  bath  is  used, 
besides  being  troublesome,  is  the  frequent  occasion  of  marring  or 
denting  the  copper  by  accidentally  dropping  the  heavy  brass  tube 
into  the  tub.  Moreover,  a  slight  inconvenience  is  sometimes 
.  complained  of,  especially  in  the  case  of  short  or  French  tubs,  namely, 
that  the  standpipe  is  in  the  way  of  the  feet  of  the  person  using  the 
bath  tub.  Years  ago  I  suggested  the  easy  remedy  of  placing  the 
standpipe  in  a  proper  recess  at  the  foot  of  the  tub.  The  sug- 
gestion was  taken  up  by  manufacturers,  and  both  copper  and 
porcelain  bath  tubs  are  now  to  be  had  in  the  market  fitted  with 
a  standpipe  placed  entirely  out  of  the  way  in  a  recess.  The 
standpipe  may. be  raised  or  lowered  to  empty  or  fill  the  tub  by 
means  of  several  very  ingenious,  simple  and  easy-working  mechanical 
movements. 

The  standpipe  and  strainer  are  combined,  so  that  the.  whole 
can  be  lifted  up,  taken  out  and  easily  cleaned  by  the  housemaid. 
It  is  not  always  necessary  to  do  this,  however,  for  the  space  be- 
tween the  recess  and  the  standpipe  is  ample  to  allow  of  cleaning 
the  sides  of  the  tub  by  means  of  a  cloth.  This  forms  in  many  re- 
spects the  best  sanitary  bath  tub  device  of  which  I  have  knowledge, 
and  answers  the  chief  requirements  of  a  perfect  plumbing  fixture. 

The  outlet  of  the  bath  tub  should  be  made  very  large  to  efifect 
a  quick  discharge,  for  a  thorough  scouring  of  the  trap  and  waste  pipe 
is  thereby  secured  and  the  tub  is  practically  acting  as  a  flush  tank.* 

*  Other  writers  on  sanitary  plumbing  have  called  attention  to  the  defective  arrange- 
ment arising  from  a  tub  with  too  small  outlet.  I  quote  from  the  articles  on  "Plumb- 
ing Practice"  in  the  Sanitary  Engineer^  Vol.  4,  Dec.  i,  1880,  page  12,  the  following: 

"There  are  one  or  two  points  in  connection  with  the  fitting  up  of  baths  that  I  wish 
to  dwell  upon.    The  first  is  the  almost  universal  practice  here  in  the  United  States  of 
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Fig.  55.     View  of  Bath  Tub  with  Shower. 

Fig.  55  gives  an  illustration  of  a  porcelain-lined  iron  bath  tub 
equipped  with  an  overhead  shower  arrangement.  To  prevent  the 
splashing  over  of  the  water,  a  curtain  holder  with   a  plain  cotton 

employing  too  small  waste  plugs  or  outlets,  one  and  one-fourth  inch  and  one  and  one- 
half  inch  being  the  sizes  most  frequently  used.  It  must  be  borne  in  mind  that  even 
these  dimensions  do  not  indicate  the  real  internal  capacity  of  the  outlet,  because  the 
thickness  of  the  metal  and  the  gratings  must  be  deducted  from  this  size.  In  addition 
to  the  annoyance  a  bather  is  subjected  to  by  having  to  wait  for  a  bath  to  be  emptied 
through  such  a  small  outlet,  the  waste  pipe  is  deprived  of  the  sanitary  advantage  of 
being  decently  flushed  when  a  bath  is  emptied,  and  that  it  is  an  advantage  can  be  readily 
appreciated  when  we  realize  the  scouring  effect  produced  by  the  rapid  discharge  of  say 
fifty  gallons  of  water." 
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duck  or  silk-lined  rubber  curtain  is  provided.  This  forms  a 
thoroughly  sanitary  and  conveniently  arranged  bathing  appliance 
for  those  who  prefer  taking  a  bath  in  a  tub. 

Others  much  prefer  to  have 
in  place  of  a  bath  tub  with 
overhead  shower  a  regular 
stall  of  marble  fitted  up  with  an 
overhead,  generally  inclined, 
douche  or  spray  (the  so-called 
rain  bath) .  It  should  be  men- 
tioned that  the  same  arrange- 
ment of  an  inclined  douche 
can  also  be  fitted  up  over  the 
ordinary  tub.  This  arrange- 
ment and  the  rain  bath  are 
illustrated  in  the  writer's  book 
on  BathSy  already  named. 

Some  bath  rooms  are  fitted 
up  with  a  complete  shower  and 
needle  bath,  such  as  shown  in 
Figs.  56  and  57.  This  fixture 
is  made  entirely  of  nickel- 
plated  brass  tubing,  and  stands 
in  a  porcelain  or  enameled 
iron  receptor,  generally  three 
or  three  and  one-half  feet 
square,  or  made  circular,  and 
provided  with  strainer  over 
the  outlet  and  a  waste  pipe  of 
large  size  to  the  soil  pipe. 
Such  shower  and  needle 
baths  are  made  in  a  great 
variety  of  forms  and  at  vari- 
ous prices. 

The  Bidet,  Sitz  and  Foot  Bath. —  Another  plumbing  fixture 
which  is  often  fitted  up  in  modern  bath  rooms,  and  which  is 
both  useful  and  convenient,  is  the  bidet.  This  is  generally  made 
in  all  earthenware,  in  pedestal  form,  and  provided  with  flushing 


Fig.  56.     View  of  Needle  Bath. 
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Fig.  57.     View  of  Needle  Bath. 
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rim  and  with  waste   and   hot    and    cold   water    supply    fittings. 
(See  Fig.  58.) 


Fig.  58.     View  of  Bidet. 


In  place  of  a  bidet,  the  bath  room  sometimes  contains  a  sitz  bath 
or  else  a  foot  tub,  in  addition  to  the  regular  bath  tub.  The  manner 
of  fitting  up  these  fixtures  does  not  differ  materially  from  that  recom- 
mended and  described  for  bath  tubs,  hence  separate  illustrations 
of  these  fixtures  are  considered  superfluous,  and  the  reader  is  re- 
ferred to  some  of  the  well-illustrated  modern  catalogues  of  manu- 
facturers of  sanitary  specialties. 

Bath-room  Auxiliaries. —  Figs.  59  and  60  show  some  modern 
bath-room  auxiliaries  which  are  fitted  near  the  bath  tub  or  over  the 
lavatory — a  plate-glass  or  porcelain  shelf,  with  sponge  and  tumbler 
holders,  a  medicine  closet  and  other  appurtenances. 

The  Lavatory.  —  An  important  fixture  of  every  bath  room  is  the 
wash  basin,  washstand  or  lavatory,  consisting  of  slab,  bowl,  sup- 
ports, faucets,  supply  pipes  and  waste  arrangements.  Concerning 
the  material  for  the  bowl  proper,  there  is  not  a  great  deal  of  choice. 
Wash  basins  are  sometimes  made  of  galvanized  iron,  or  of  tin  or 


PLUMBING   OF  MODERN  CITY  BUILDINGS. 


117 


copper,  but  the  use  of  such  cheaper  fixtures  is  confined  to  the 
inexpensive  plumbing  in   factories,   restaurants,   theater  dressing 


Fig.  59.     A  Group  of  Bath  Room  Auxiliaries. 

rooms,  etc.    For  private  houses  wash  bowls  of  vitrified  porcelain  ware 
or  of  china,  and  those  of  solid  stoneware,  are  much  to  be  preferred. 


Fig.  60.     View  of  Bath  Room  Auxiliaries. 


Earthen  wash  bowls  used  to  be  made  circular  in  shape,  in  diam- 
eters ranging  from  10  to  20  inches,  but  now  they  are  more  often  of 
an  oval  shape,  for  this  seems  to  offer  some  advantages  in  actual  use 
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over  the  circular  form.  Basins  may  also  be  had  which  are  made 
square  in  shape. 

The  earthenware  is  plain  white,  marbleized,  or  ivory-tinted,  and 
sometimes  it  is  ornamented  with  fancy  decorations.  This,  of 
course,  is  merely  a  matter  of  taste,  but  my  experience  is  that  many 
people  select  such  expensively  decorated  and  fancy-looking  plumbing 
fixtures  who  are  not  willing  to  pay  for  the  extra  cost  of  a  superior 
drain  or  soil  pipe,  or  of  a  good  trap  or  other  plumbing  fitting.  In 
this  respect  the  majority  of  the  public  have  yet  much  to  learn,  and 
still  more  to  unlearn.  I  should  have  no  objection  to  the  use  of  fancy 
articles  in  a  house,  provided  I  was  not  thereby  curtailed  from  other- 
wise employing  throughout  the  best  sanitary  appliances  available. 
In  my  own  judgment,  plain  white  or  ivory-tinted  earthenware  looks 
fully  as  neat,  cleanly  and  chaste  as  any  amount  of  colored  or  gilt 
decoration  put  on  it,  and  it  is  certainly  an  indication  of  a  more 
refined  taste. 

Earthen  or  porcelain  wash  basins  are  usually  fastened  with  brass 
bolts  and  clamps  to  the  underside  of  the  marble  slabs,  the  joint 
between  both  being  made  tight  by  means  of  plaster  of  Paris  or 
Keene's  cement.  The  slab  may  be  of  a  square,  rectangular,  quarter- 
circle,  or  of  a  more  irregular  shape,  and  it  is  usually  fitted  with  a 
marble  back,  more  or  less  high,  and  either  plain  or  with  marble 
shelves  supported  by  brackets.  If  placed  in  a  recess  or  comer, 
the  sides  are  fitted  with  one  or  two  marble  end-pieces,  to  protect 
the  wall  from  splashing. 

To  the  minds  of  most  people  the  ordinary  wash  bowl,  with  outlet 
in  the  center,  with  strainer  at  the  bottom,  with  overflow  holes  and  a 
concealed  overflow  pipe  at  the  side,  and  with  a  plug  and  chain,  has 
no  objectionable  features  whatever,  and  hence  it  has  been  and  is 
still  to  a  great  extent  in  use.  Yet,  from  a  sanitary  point  of  view, 
the  ordinary  wash  bowl,  as  shown  in  Fig.  6i,  deserves  to  be  severely 
condemned.  In  this  connection  I  quote  from  Mr.  J.  Pickering 
Putnam's  articles  on  "Sanitary  Plumbing,"  published  some  years 
ago  in  the  American  Architect : 

"The  character  of  our  lavatories  is  a  matter  of  very  much  greater 
importance  than  is  usually  supposed.  We  have  been  in  the  habit  of 
selecting  our  wash  basins  and  bath  tubs  purely  from  a  standpoint  of 
convenience,  appearance  and  economy.     Sanitary  considerations  have 
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been  quite  overlooked  in  the  belief  that  they  have  little  or  nothing  to 
do  with  the  form  of  these  particular  fixtures,  so  long  as  their  traps  and 
waste  pipes  were  properly  made.  This  is  a  very  serious  error,  and 
particularly  so  in  relation  to  wash  basins,  in  the  choice  of  which  sanitary 
considerations  should  outweigh  all  others." 

By  fax  the  most  serious  defect  of  our  ordinary  wash  bowls  is  the 
insufficient  size  of  the  outlet  in  proportion  10  the  size  of  the  trap 
and  waste  pipe.    The  amount  of  waterway  of  an  ordinary  basin 


Fig.  61.     Basin  with  Chain  and  Plug. 

strainer,  according  to  Mr.  Putnam,  is  only  equivalent  to  a  three- 
fourths-inch  pipe,  and  after  some  use  this  opening  is  apt  to  be  still 
further  obstructed  by  accumulations  of  filth,  hair  or  lint.  The 
usual  size  of  waste  pipe  for  basins  is  one  and  one-half  inches  inside 
diameter,  which  is  ample  to  carry  off  all  water,  if  both  faucets  are 
kept  running  a  full  stream  into  the  bowl;  but  many  architects  still 
call  for  two-inch  pipes  and  traps.  The  result  of  a  restricted  outlet 
is  a  trickling  flow  of  water  from  the  basin,  which  is  wholly  unable 
to  accomplish  any  scouring  or  flushing  of  the  large  trap  and  waste 
channel. 

A  further  objectionable  feature  of  the  ordinary  plug-and-chain 
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outlet  basin  is  the  concealed  overflow  pipe  of  lead  attached  by  an 
imperfect  putty  joint  to  the  earthen  projecting  horn  of  the  bowl. 
This  overflow  pipe  is  never  flushed  with  water  and  its  walls  become 
coated  with  soapy  slime,  which  decomposes.  Since  the  overflow  is 
in  open  communication  with  the  room,  the  atmosphere  of  the  latter 
is  often  contaminated  to  a  noticeable  degree.  The  basin  with  all- 
earthen  overflow  (so-called  patent  overflow  basin)  is  better  in  this 
respect,  yet  it  retains  some  of  the  objectionable  features  enumerated. 
The  plug-and-chain  arrangement  of  basins  is  also  open  to  serious 
objections,  both  on  the  ground  of  convenience  in  use  and  of  sanita- 
tion.    To  quote  again  from  Mr.  J.  Pickering  Putnam's  articles: 

"The  chain,  lying  in  every  successive  formation  of  dirty  water,  collects 
gradually  in  the  recesses  of  its  links  an  unknown  quantity  and  variety 
of  filth,  which  cannot  be  entirely  removed,  on  account  of  its  irregular 
form,  without  the  use  of  special  acids  or  constant  scrubbing  with  the 
brush  —  a  process  never  applied  to  it.  The  length  of  wire  used  in  an 
ordinary  basin  chain  averages  six  feet,  and  has  a  surface  of  about  four- 
teen square  inches,  a  surface  which,  in  the  peculiar  adaptability  of  the 
form  of  the  links  for  retaining  dirt,  presents  a  very  formidable  area  of 
pollution.  To  those  persons  who  use  their  reasoning  powers  in  these 
matters,  the  idea  of  washing  the  face  in  water  defiled  by  a  chain,  trans- 
ferred immediately  from  the  dirty  water  of  some  unknown  predecessor, 
is  with  good  reason  exceedingly  repulsive.  The  chain,  moreover,  fre- 
quently breaks,  and  then  the  hand  must  be  plunged  into  dirty  water  to 
remove  the  plug.  The  position  of  the  chain  and  plug  at  the  bottom 
of  t!ie  bowl  is,  moreover,  peculiarly  inconvenient,  inasmuch  as  they  are 
in  the  way  of  the  hands,  which  should  meet  a  smooth,  unbroken  surface 
of  earthenware,  rather  than  the  hard  and  irregular  outline  of  the  brass- 
work." 

To  avoid  the  annoyances  incidental  to  the  plug-and-chain  arrange- 
ment, basins  have  been  constructed  with  various  more  or  less  com- 
plicated forms  of  outlets,  such  as  waste-cock  or  valve  outlets,  with 
plunger,  floating  plug  or  secret  standpipe  outlets  (Fig.  62),  but  in  all 
of  these  forms  the  overflow  remains  concealed  and  inaccessible,  and  a 
channel  of  more  or  less  length  remains  in  communication  with  the 
bowl,  thus  causing  a  soiling  of  the  pure  water  as  soon  as  it  is  delivered 
into  the  basin.  Moreover,  some  of  these  movable  mechanisms  are 
quite  apt  to  get  out  of  order  or  to  leak. 

A  form  of  basin  which  is  quite  popular  in  Europe,  and  which  has 
occasionally  been  used  in  the  United  States,  has  the  advantage  of 
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Fig.  62.     Basin  with  Secret  Waste. 


Fig.  63.     Section  of  Tip-up  Basin. 
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doing  away  with  the  objectionable  overflow  and  also  with  the  chain- 
and-plug  arrangement.  I  refer  to  the  tip-up  basin  as  shown  in  sec- 
tion, in  Fig.  63.  *^t  consists  of  an  outer  receiver  or  basin,  usually  in 
the  shape  of  a  hopper,  and  an  inner  bowl,  pivoted  so  that  it  may  be 
turned  over  by  lifting  it  at  its  front  edge.  By  means  of  this  device 
a  very  quick  discharge  is  obtained,  and  for  this  and  other  reasons 
it  must  be  pronounced  far  superior  to  the  ordinary  form  of  bowl. 
It  has,  however,  one  defect.  The  lower  basin  or  receiver,  as  usually 
constructed,  is  only  partially  accessible,  and  not  being  exposed  to 
view  is  generally  forgotten  and  seldom  cleaned  by  servants.  It  is, 
therefore,  liable  to  accumulate  hidden  foulness.  A  recent  modifica- 
tion of  the  tip-up  basin  allows  the  inner  bowl  to  be  lifted  from  its 
pivots,  and  when  the  bowl  is  removed,  the  receiving  basin  is  fully 
exposed  to  view  and  readily  cleansed. 


Fig.  64.     Improved  Form  of  Siphon  Basin. 


Fig.  64  shows  a  vertical  section  of  an  improved  form  of  chain-and- 
plug  wash  basin.    This  is  a  siphon  basin,  so  named  because  the  over- 
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flow  pipe  is  shaped  in  the  form  of  a  siphon.  It  will  be  seen  from 
the  illustration  that  in  this  type  the  overflow  channel  does  not  enter 
the  bowl  near  its  top,  but  at  the  bottom.  This  requires  a  special 
construction  for  the  socket  coupling  of  the  basin.  Such  a  form  of 
bowl  has  two  great  advantages,  namely  i^first,  the  overflow  channel 
becomes  trapped  whenever  the  bowl  is  partly  or  entirely  filled  with 
watei,  setuud,  wliuiev^u:  the  plug  is  lifted  to  discharge  the  bowl  a 
part  of  the  contents  will  pass  out  by  siphonic  action  through  the 
overflow  channel  and  thus  flush  the  same,  a  feature  of  no  other  form 
of  basin  with  overflow,  with  which  I  am  acquainted. 

Thus,  every  time  the  basin  is  used,  the  overflow  becomes  flushed 
and  cleaned,  and  again,  where  such  a  basin  is  fitted  up  in  a  bedroom 
of  a  hotel,  for  instance,  one  is  enabled  to  guard  against  entrance  of 
sewer  air  by  simply  filling  up  the  basin  and  keeping  it  full  overnight. 
Owing  to  the  assistance  rendered  by  the  siphon  action  of  the  over- 
flow, the  discharge  of  this  form  of  basin  is  very  much  quicker  than 
that  of  ordinary  chain-and-plug  basins,  and  this  helps  to  keep  the 
trap  clean  and  free  from  obstructions.  I  have  had  a  basin  of  this 
construction  imder  personal  observation  for  about  twelve  years,  and 
during  this  period  it  has  not  once  become  stopped  up,  has  never 
emitted  an  objectionable  smell  from  the  overflow,  and  empties  to-day 
as  rapidly  as  the  day  when  it  was  put  in. 

Another  method  of  constructing  a  basin  without  overflow  is  shown 
in  Fig.  65.  It  represents  an  oval  basin  provided  at  the  bottom  with  a 
quick-turning  gate  valve  with 
full  waterway.  When  this  is 
closed  the  basin  can  be  filled; 
a  quick  turn  of  the  valve  dis- 
charges the  contents  of  the 
basin.  No  chain  and  plug  and 
no  overflow  are  provided.  It 
would,  however,  hardly  be  safe 
to  use  such  a  form  of  wash 
basin  in  a  private  house  or  in 
a  hotel.     It  can  only  be  used 

,  .11  Fig.  65.     Basin  with  Shutofif  Waste  Valve. 

to  advantage  m  places  where 

an  accidental  overflow  does  no  harm,  and  it  is  particularly  adapted 

to  places  and  lavatories  where  a  constant  oversight  is  exercised 
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Fig.  66.     Plan  of  Standpipe  Basin. 


over  the  fittings,  such  as,  for  instance,  in  lavatories  and  toilet 
rooms  of  hospitals  for  insane,  in  which  the  patients'  ablutions  are 
always  overlooked  by  attendants. 

One  of  the  best  forms  of  basins  of  which  I  have  knowledge  is  the 
standpipe  outlet  type  of  basin,  the  first  form  in  which  this  was  made 
being  the  well-known 
"Sanitas"  wash  basin, 
shown  in  plan  and  sec- 
tion in  Figs.  66  and  67. 
This  type  of  fixture  is 
vastly  superior,  in  my 
judgment,  to  all  those 
complicated  and  insani- 
tary devices  which  con- 
sist of  secret  waste 
valves.  It  has  many 
superior  features  of  sim- 
plicity, convenience  and 
sanitary  construction,  I 
will  therefore  briefly  describe  it. 

The  basin  is  made  in  earthen  or  vitreous  ware,  both  in  the  usual 
round  and  in  the  oval  form.     Every  part  of  the  basin  and  of  its  fit- 
tings   and    passages    is 
VnA  visible  and  kept  easily 

-^^ ^  1^^^  accessible.    It  is  entirely 

free  from  concealed 
chambers  or  easily  be- 
fouled comers,  and  the 
basin  is  kept  clean  from 
top  to  bottom,  even  as 
far  down  as  the  waste 
pipe  and  trap,  without 
removing  the  basin  or 
any  part  of  it.  It  is  of 
the  utmost  simplicity,  of 
great  convenience  in  use, 
and  of  pleasing  appearance.  It  differs  from  the  usual  basin  in  having 
its  outlet  at  the  rear,  thus  presenting  a  bottom  of  the  bowl  entirely  un- 


FiG.  67.    Section  of  Standpipe  Basin. 
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encumbered  or  roughened  by  any  brass  grating  or  socket  and  plug. 
The  diameter  of  the  brass  outlet  at  the  bottom  of  the  basin  is  two 
inches,  and,  allowing  for  the  obstruction  caused  by  the  strainer,  it 
has  a  clear  waterway  of  about  one  arid  one-half  inches,  equal  to  the 
size  of  the  waste  pipe  attached  to  it,  and  hence  a  very  rapid  flushing 
discharge  is  secured.  In  fact,  the  rush  of  water  from  this  basin 
through  the  waste  pipe  and  trap  is  so  great  that  the  seal  of  even  a 
ventilated  S-trap  may  be  destroyed  by  it.  In  order  to  restore  the 
seal,  the  bottom  of  the  basin  has  only  a  slight  inclination  toward  the 
outlet,  so  that  the  last  flow  of  water  from  it  is  sufficiently  retarded 
to  restore  the  seal  of  the  trap. 

It  is  thus  seen  how  the  great  desideratum  that  the  fixture  should 
act  as  a  flush  tank  for  its  waste  pipe  and  trap  is  here  accomplished. 
The  basin  is  shaped  with  a  perpendicular  recess  at  the  back,  and  in 
this  recess,  completely  out  of  the  way  of  the  user,  is  placed  the  stand- 
pipe  overflow  —  sometimes  a  nickel-plated  tube  one  and  one-quar- 
ter inches  inside  diameter  and  about  four  inches  high,  or  else  a 
porcelain  tube  —  which  serves  to  close  the  outlet  of  the  basin  if  it  is 
desired  to  fill  the  latter.  This  overflow  pipe  has  a  smooth  surface, 
and  enough  space  is  provided  between  the  standpipe  and  the  walls 
of  the  recess  to  allow^  the  convenient  use  of  a  scrubbing  cloth,  so 
that  both  the  basin  and  the  standpipe  may  be  cleansed  without  the 
necessity  of  removing  the  latter.  But  the  removal  of  the  standpipe, 
should  this  be  desired,  is  easily  accomplished. 

The  standpipe  outlet  basin  is  superior  to  ordinary  forms  with  over- 
flow pipe  in  other  minor  respects,  one  of  them  being  that  it  requires 
fewer  joints  for  the  plumber  to  make,  and  that  it  does  not  offer  any 
temptation  to  unskillful  and  ignorant  mechanics  to  connect  the  over- 
flow pipe,  as  required  in  the  ordinary  form  of  bowl,  to  the  wrong  side 
of  the  trap  attached  to  the  waste  pipe.  In  short,  the  standpipe  type 
of  wash  basin  offers  the  following  advantages:  It  is  a  quick-emptying, 
self-cleansing,  back-outlet  basin,  with  concealed  overflow.  Through 
it  waste  water  is  completely  and  rapidly  removed,  a  quick  discharge, 
as  from  a  small  flush  tank  is  effected,  filling  the  pipes  full  bore,  and 
the  trap  and  waste  pipe  are  thoroughly  scoured.  It  provides  for  an 
overflow  without  requiring  a  special  pipe  or  valve  for  this  purpose; 
it  has  no  brasswork  in  the  bottom  of  the  bowl  in  the  way  of  the 
hands  when  washing,  and  no  chain  and  plug.     The  wasteful  habit 
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of  washing  in  running  water  is  rendered  unnecessary,  and  hence  it 
tends  towards  the  prevention  of  water  waste  in  dwellings,  which  is  a 
matter  of  much  importance.  The  whole  of  the  fixture  and  all  its 
parts  and  appendages  are  visible  and  readily  accessible;  its  outlet  is 


FlO.  68.     Section  of  Basin  with  Lift -up  Plug  Arrangement. 


Fig.  69.     Plan  of  Basin  Shown  in  Section  in  Fig.  68. 

controlled  by  a  very  simple  single  movement,  which  mechanism 
requires  only  very  little  strength  to  operate.  It  is  easily  attached  to 
the  slab,  readily  fitted  up  by  the  plumber,  and  has  no  concealed  parts 
liable  to  clog  or  become  obstructed.  In  short,  it  is  a  very  durable, 
simple  and  well-constructed  sanitary  plumbing  fixture. 
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A  basin  with  a  waste  fitting  arranged  on  a  novel  principle  is  shown 
in  vertical  section  in  Fig.  68  and  in  plan  (half  of  the  bowl  only  being 
shown)  in  Fig.  69.  Briefly  described,  this  basin  has  in  place  of  the 
ordinary  chain-and-plug  arrangement  a  flat  metal  disc  or  stopper, 


Fig.  70.     Section  of  Different  Form  of  Basin  with  Lift -up  Plug. 

which  fits  into  the  bottom  outlet  of  the  basin.  This  stopper  is 
raised  or  lowered  by  means  of  an  eccentric  rod  and  cam  movement. 
The  eccentric  rod  is  worked  by  means  of  a  vertical  spindle  provided 
above  the  slab  with  a  four-arm  handle  which  is  turned  to  the  right  or 
left  to  open  or  close  the  outlet.  This  form  of  basin  retains  the  ordi- 
nary form  of  overflow,  but  it  has  the  great  advantage  over  styles  of 
basins  with  secret  waste  valves  of  closing  the  basin  outlet  directly  at 
the  bottom  and  in  full  sight.  Clean  water  filling  the  basin  is  there- 
fore necessarily  pure  water,  as  it  does  not  have  an  opportunity  of 
coming  into  contact  with  the  befouled  sides  of  secret  waste  channels. 
The  overflow  is  also  made  larger  and  somewhat  more  accessible  for 
cleaning. 

Incidentally  mention  should  be  made  of  the  convenient  method  of 
supply  to  the  basin  by  means  of  a  combination  faucet  surrounding 
the  spindle  of  the  waste  fitting,  the  water  (hot  and  cold)  being  con- 
trolled by  two  handles  placed  at  the  side  of  the  cross  handle  operating 
the  waste. 

A  basin  with  a  similar  waste  arrangement  is  shown  in  Fig.  70,  but 
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instead  of  being  operated  by  means  of  an  eccentric  and  a  cross 
handle  turning  horizontally,  the  metal  stopper  is  lifted  or  dropped  by 
means  of  a  vertically  operating  lifting  spindle  with  knob  above  the 


Fig.  71.    Plan  of  Different  Form  of  Lift-up  Plug  Basin  with  Supply  and  Waste 

Combination. 


^-3 


Fig.  72.      Section  of  Basin  Shown  in  Plan  in  Fig.  71. 

basin  slab.  In  all  other  respects  this  basin  has  the  same  advantages 
as  those  mentioned  for  Fig.  68,  Still  another  basin  of  this  type,  with 
a  novel  form  of  supply  fitting,  is  shown  in  plan  and  section  in  Figs. 
71  and  72. 
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Fig.  73.     Section  of  Riker  Basin. 
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The  distinguishing  feature  of  the  basin  shown  in  section  in  Fig.  73, 
which  is  designated  from  the  name  of  its  inventor  as  the  Riker  basin, 
is  that  only  one  passageway  is  provided  for  both  the  waste  and  the 
overflow.  In  this  respect  it  resembles  the  standpipe  basin,  Fig.  67. 
The  bowl  is  molded  with  a  pitch  to  the  back,  and  has  in  place  of  a 
plug  a  standpipe  siphon  K,  and  the  water  is  held  in  the  basin,  when 
the  same  is  being  filled  to  the  overflow  point,  by  the  confined  column 
of  air  held  between  the  siphon  and  the  trap.  If  more  water  is 
allowed  to  run  into  the  basin,  it  overflows  through  siphon  K,  and 
induces  a  siphonic  action  by  means  of  which  the  entire  basin  is 
emptied  and  thus  it  can  never  overflow.  To  empty  a  full  bowl,  the 
siphon  K  is  lifted  for  a  second  at  knob  L,  and  then  allowed  to  settle 
again  into  its  seat;  this  starts  the  discharge  of  the  basin,  which  con- 
tinues automatically  and  thoroughly  cleanses  the  waste  and  overflow 
passages.  A  trifling  objection  is  that  the  last  water  siphoned  up 
drops  back  into  the  bottom  of  the  bowl. 

A  feature  of  great  importance  in  this  basin  is  the  special  brass 
trap,  which  is  reamed  absolutely  smooth  on  its  inside  by  means  of 
special  machinery.  Thus  all  broken  or  ragged  joints  and  pockets 
for  the  accumulation  of  filth  are  avoided. 

The  inventor  of  this  wash  basin  made  further  improvements,  prin- 
cipally in  the  manner  of  fitting  up  the  lavatory.  Special  iron  wall 
plates  are  furnished  to  which  all  parts  of  the  slab  are  attached  which 
can  be  set  in  place  when  the  roughing  of  the  fixture  is  done,  when 
waste  and  supply  connections  are  also  made,  thus  permitting  the 
finishing  of  the  walls,  and  the  lavatory  proper  can  be  attached  to 
said  wall  plate  at  any  time  afterwards. 

A  point  of  value  is  the  doing  away  with  the  ordinary  unsightly  plas- 
ter-of-Paris  joint  and  the  securing  of  the  basin  to  the  marble  slab 
by  means  of  the  usual  basin  clamps.  In  the  Riker  basin  system, 
the  marble  slab  is  made  very  thick  and  is  rabbeted  underneath  to 
receive  the  bowl,  which  is  cemented  thereto  securely  as  shown  in  the 
section,  thus  making  a  smooth  exterior  finish. 

All  lavatory  auxiliaries  such  as  towel  racks,  soap  cups,  glass 
shelves,  swivel  mirrors,  tumbler  holders,  etc.,  are  attached  to  the  wall 
plate.     A  view  of  a  complete  Riker  lavatory  is  shown  in  Fig.  74. 

Instead  of  having  the  usual  more  or  less  expensive  cabinet  work 
enclosing  the  space  under  the  bowl,  which  space  is  always  rendered 
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damp,  musty  or  even  foul,  the  basin  should  be  kept  entirely  open  and 
accessible  underneath.  Cleanliness  and  tidiness  will  thus  be  much 
promoted,  and  the  mechanics,  knowing  that  all  of  their  work  will 
remain  fully  exposed  to  view,  will  have  no  temptation  to  scamp  those 
parts  of  it  which  are  usually  buried  out  of  sight  and  out  of  mind  as 
soon  as  made. 


Fig.  74.     View  of  Riker  Basin. 

In  Figs.  75,  76,  and  77  are  shown  illustrations  of  modem  lava- 
tories fitted  up  entirely  in  an  open  manner. 

A  large  variety  of  more  or  less  artistically  designed  solid  porcelain 
lavatories  are  now  offered  by  manufacturers,  and  a  visit  to  one  of 
their  well-equipped  showrooms,  or  a  study  and  inspection  of  their 
well-illustrated  catalogues,  will  convince  any  one  that  these  are  sani- 
tary fixtures  well  adapted  not  only  for  public  and  office  buildings,  for 
hospitals,  institutions  and  hotels,  but  also  for  private  residences. 


Fig.  75.     View  of  Modem  Lavatory. 
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The  chief  advantages  which  solid  porcelain  lavatories  offer,  com- 
pared with  marble  washstands,  are: 

lo  Their  highly  glazed  surfaces  are  non-absorbent  and  do  not 
become  discolored  or  stained. 


Fig.  77.     View  of  a  Group  of  Basins. 

2.  The  objectionable  plaster-of-Paris  joint  between  earthen  bowl 
and  marble  slab  is  done  away  with,  the  lavatory,  basin  and  slab 
being  all  in  one  piece. 

3.  To  the  plumber  there  is  an  advantage  in  the  saving  of  time  and 
labor  in  fitting  up  a  washstand. 


134 


THE   WATER   SUPPLY,   SEWERAGE   AND 


4.  To  the  axchitect  and  building  superintendent  there  is  the  ad- 
vantage in  doing  away  with  the  trouble  of  obtaining  a  high  quality 
of  marble  without  any  dark  streaks,  veins  or  other  imperfections. 

5.  Other  slight  advantages  are  the  doing  away  with  aprons  for 
lavatories;  the  large  size  of  the  basin;  and  the  general  cleanly  and 
inviting  appearance. 


Fig.  78.     View  of  bolid  Porcelain  Lavatory. 

6.  Solid  porcelain  lavatories  are  also  more  durable  and  strong. 

7.  The  glazed  porcelain  supports  save  the  time  required  in  the 
cleaning  of  nickel-plated  brass  basin  legs  or  standards. 

The  white  solid  porcelain  lavatories  (Fig.  78)  made  by  the  best 
firms  are  neat  in  design  and  appearance,  generally  of  a  pleasing  shape, 
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of  a  beautiful  glaze,  and  taken  altogether  are  a  sanitary  fixture  which 
cannot  be  improved  upon.  They  may  be  either  keyed  into  the  tiled 
walls,  or  else  they  stand  free  from  the  wall,  with  all  four  side  edges 
glazed  and  rounded.  Lavatories  with  integral  backs  have  an  advan- 
tage over  those  with  separate  backs  in  doing  away  with  another  imde- 
sirable  plaster-of-Paris  joint. 

Simultaneously  with  the  advent  of  the  solid  porcelain  lavatories 
other  makers  brought  out  handsome,  cleanly  and  sanitary  lavatories 
made  of  enameled  porcelain  ironware.  Of  the  durability  and  use- 
fulness of  these  there  can  be  no  question.  In  appearance  they  are  so 
nearly  equal  to  the  solid  porcelain  lavatories  that  many  times  house- 
holders selecting  plumbing  fixtures  for  their  bath  rooms  have  been 
led  to  believe  the  enameled  iron  fixtures  were  of  the  other  somewhat 
more  expensive  material. 

The  Water-closet.  —  The  water-closet  fixture  is  usually  placed  in 
the  bath  room,  or  toilet  room,  but  often,  and  preferably  so,  it  is  fitted 
up  in  a  separate  compartment  or  room.  In  many  respects  the  water- 
closet  is  the  most  important  plumbing  fixture  of  a  house.  While 
it  may  be  of  doubtful  advantage  to  have  a  water-closet  in  cottages 
not  liberally  supplied  with  water,  especially  when  every  drop  of 
water  must  be  raised  to  a  tank  by  hand  labor,  there  can  be,  on  the 
other  hand,  no  question  that  in  the  case  of  country  residences  having 
an  abundant  supply  of  water  imder  pressure  a  water-closet  proves 
far  superior  to  earth  or  ash  closets.  As  to  city  buildings,  these  are 
never  complete  without  one  or  several  such  fixtures.  A  water-closet 
is  in  all  respects  the  most  complete  apparatus  devised  for  the  instant 
and  thorough  removal  of  waste  discharges  from  the  human  body. 

In  the  selection  of  this  fixture,  however,  more  than  anywhere  else, 
a  safe,  reliable  and  impartial  guide  is  required,  for  the  number  of 
various  water-closet  appliances  manufactured  is  exceedingly  large, 
and  laymen  will  thus  encounter  considerable  difiiculty  in  making  a 
proper  selection. 

The  leading  requirements  of  a  sanitary  water-closet  are  the  follow- 
ing: 

(i)  Its  material  should  be  strong  and  durable,  smooth  and  non- 
corrosive,  and,  above  all,  non-absorbent. 

(2)  Its  form  should  be  such  as  to  have  a  minimum  of  fouling 
surface;  it  should  have  no  sharp  angles,  but,  on  the  contrary,  rounded 
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corners;  its  sides  should  be  nearly  straight;  its  trap  should  preferably 
be  above  the  floor,  so  as  to  have  the  water  seal  plainly  exposed  to 
view;  its  basin  should  be  so  shaped  as  to  hold  water,  because  this 
helps  in  immediately  deodorizing  the  deposits,  and  prevents  them 
from  adhering  to  the  sides  of  the  bowl. 

(3)  Its  appearance  should  be  neat  and  inoffensive  and  its  form 
and  shape  such  as  not  to  require  any  superfluous,  costly  and  objec- 
tionable cabinet  woodwork. 

(4)  Its  construction  should  be  simple  and  not  liable  to  derange- 
ment; all  unnecessary  appendages  should  be  avoided,  and  it  is 
well,  in  particular,  to  have  no  movable  machinery  in  the  closet,  such 
as  tilting  pans,  hinged  flap  valves,  gate  valves,  plungers,  rods  and 
chains,  levers  and  cranks,  or  other  parts. 

(5)  The  flushing  of  the  water-closet  should  be  thorough,  power- 
ful, and  such  as  to  cleanse  efficiently  every  part  of  the  apparatus 
including  its  trap,  but  at  the  same  time  the  flush  should  be  arranged 
in  such  a  manner  as  to  be  noiseless  in  operation  and  not  wasteful 
of  water.  The  flushing  water  should  preferably  be  drawn  from 
an  elevated  special  tank  or  cistern,  and  not  directly  from  the  supply 
pipe. 

The  requirements  enumerated  above  are  not  fulfilled  by  any  of 
the  older  types,  the  so-called  mechanical  closets  —  that  is,  those 
which  use  some  movable  machinery  in  the  closet  apparatus  to  dis- 
charge the  contents  of  the  bowl.  Hence  the  pan  closet,  the  valve 
closet  and  the  plimger  closet  cannot  be  recommended  for  use  in 
buildings  which  are  to  be  provided  with  good  sanitary  drainage. 
The  chief  objection  to  their  use,  aside  from  their  complication  and 
liability  to  derangement,  lies  in  the  fact  that  they  do  not  effect  a 
complete  removal  of  the  faecal  matter.  The  pan  closet,  once  so 
popular  with  architects,  plumbers  and  builders,  was  particularly 
faulty  in  this  respect,  as  any  one  could  easily  ascertain  by  taking 
the  trouble  to  investigate  the  inside  walls  of  the  container  or  re- 
ceiver, which,  after  a  few  months'  use,  were  invariably  found  coated 
and  fouled,  giving  rise  to  a  dangerous  and  annoying  decomposition 
of  faecal  matter  within  the  house  walls. 

Having  elsewhere*  discussed  the  faults  of  the  older  types  of 

♦  See  "House  Drainage  and  Sanitary  Plumbing,"  13th  edition,  D.  Van  Nostrand 
Co.,  1909. 
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closets  at  length,  and  seeing  absolutely  no  reason  for  changing  my 
views  in  the  matter,  I  may  be  permitted  to  dismiss  the  subject 
with  these  few  words.* 

In.  the  following  I  desire  to  speak  more  in  detail  of  the  modern 
simpler  sanitary  water-closet  appliances.  To  such  belong,  more 
or  less,  all  the  varieties  known  as  hopper  closets,  wash-out  closets, 
wash-down  closets,  siphon  and  siphon  jet  closets.  The  distinctive 
feature  in  all  of  them  is  the  absence  of  mechanical  seals  and  of 
working  mechanisms  in  the  closet  proper.  In  all  these  types  the 
discharge  of  the  contents  of  the  closet  bowl  is  effected  by  a 
sudden  and  powerful  flush,  usually  from  a  special  flushing 
cistern. 

'  We  may  subdivide  this  class  of  closets  further  by  distinguishing 
between  hoppers  having  no  standing  water  in  the  bowl  outside  of 
what  water  is  contained  in  the  trap,  and  hoppers  the  bowl  of  which 
is  so  shaped  as  to  hold  a  more  or  less  large  volume  of  water.  The 
former  may  be  called  dry  hoppers  to  distinguish  them  from  the  latter, 
which  are  called  improved  or  pedestal  hopper  closets.  All  pedestal 
closets  have  the  trap  above  the  floor,  while  the  long  hopper  is  a 
similarly  shaped  conical  vase  having  its  trap  below  the  floor.  The 
short  hopper  is,  on  the  whole,  preferable,  because  it  has  less  fouling 
surface,  and  because  the  water  level  in  the  trap  is  nearer  to  the  seat. 
All  dry  hoppers,  both  the  long  and  the  short,  lack  the  advantage  of 
a  large  surface  of  water  in  the  bowl  to  receive  deposited  matters, 
and  hence  due  care  must  be  taken  to  shape  the  bowl  in  such  a  way 
that  the  sides  may  not  be  soiled.  Much  depends  upon  the  charac- 
ter of  the  flush,  and  this,  to  be  effective,  should  come  down  in  a 
sudden  dash  through  a  large  service  pipe;  it  should  enter  the 
bowl  at  the  top,  and  be  thoroughly  distributed  and  directed  down- 
ward through  a  well-constructed  flushing-rim.  Dry  hoppers  with 
a  spiral  whirling  flush  should  never  be  used,  as  it  is  difficult 
to  keep  their  sides  free  from  matter  adhering  to  them.  It  is  well 
to  apply  to  all  dry  hoppers  a  "preliminary"  flush  suflScient  to  wet 
the  sides  of  the  bowl  before  use,  and  this,  in  the  case  of  a  servants* 
closet,  is  best  arranged  to  work  automatically  by  a  mechanism 

*  At  the  present  time  pan-closets  are  scarcely  to  be  found,  except  in  very  old  houses. 
In  many  cities  and  towns  the  plumbing  regulations  very  properly  prohibit  their  use 
altogether.  Valve  and  plunger  closets  have  likewise  been  discarded,  and  replaced 
by  wash-out,  wash-down  and  siphon  jet  closets. 
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coming  into  action  when  the  seat  is  depressed.     (See  Chapter  V 
for  description  of  a  combination  pull  and  automatic  tank.) 

Due  regard  should  also  be  had  to  the  proper  adjustment  and 
construction  of  the  seat;  a  proper  size  and  position  of  the  hole  in 
the  seat  will  aid  much  in  preventing  the  striking  of  the  soil  on  the 
rear  side  of  the  hopper.  With  these  precautions  the  dry  hopper 
may  answer  the  purpose  where  a  cheap  closet,  free  from  hidden 
or  inaccessible  fouling  spaces,  is  desired.  It  is  obvious,  however, 
that,  to  keep  it  thoroughly  clean,  requires  more  water  than  'ffie 
improved  hoppers,  which  hold  a  large  volume  of  water  in  the  bowl. 
Still  I  do  not  hesitate  to  pronounce  a  dry  hopper,  even  if  occasionaflly 
soiled  from  use,  far  superior  to  the  pan,  valve  or  pluifger  doset. 
With  proper  attention  to  domestic  cleanliness,  it  is  easy  to  keep 
even  an  ill-flushed  dry  hopper  closet  free  from  offense  by  a  daily 
scrubbing  with  soap  and  hot  water,  while  with  mechanical  closets 
the  soiling  of  inside  corners  and  surfaces  may  go  on  for  a  long  time 
unperceived,  and  hence  no  effort  will  be  made  to  remedy  the  trouble. 


Fig.  79.     Section  of  Wash-out  Closet. 


Amongst  improved  closets,  which  were  used  for  a  time  in  much  of' 
the  better  class  of  work,  may  be  mentioned  the  wash-out  closet.  This 
type  of  closet  (see  Fig.  79)  is  made  in  one  piece  of  earthenware,  and 
shaped  so  as  to  hold  a  shallow  depth  of  water  in  the  basin  to  receive  ' 
and  deodorize  the  excrements,  and  a  sufficient  volume  of  water  in 
the  trap  below.  The  flush  is  derived  from  a  special  cistern,  an(^ 
enters  the  bowl  at  a  point  directly  opposite  the  closet  outlet,  or  else 
at  the  same  end  where  the  outlet  is  situated.    This  may  be  located 
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either  at  the  rear,  at  the  sides,  or  in  front  of  the  closet,  and  it  is  easy 
to  distinguish  thereby  the  closets  of  various  makers.  They  are 
usually  known  as  the  front-outlet,  the  back-outlet  and  the  side-outlet 
wash-out  closet.  All  these  have  flushing-rim  bowls,  and  a  generally 
powerful  and  cleansing  flushing  stream,  which  drives  everything  out 
of  the  basin  into  the  closet  trap.  Here,  however,  more  or  less  water 
remains,  as  the  force  of  the  flush  is  to  a  great  extent  lost  in  sweeping 
the  basin. 

Some  of  these  closets  have  a  bad  spattering  flushing;  in  others  the 
traps  are  either  not  conveniently  accessible  or  entirely  out  of  sight. 
The  majority  of  wash-out  closets  have  at  the  outlet,  between  the  basin 
and  the  trap,  a  rather  large  and  easily  befouled  surface,  which  is 
superfluous  and  objectionable.  All  wash-out  closets  require  a  large 
volume  of  water,  and  have,  as  usually  arranged,  the  same  drawback 
which  pertains  to  the  dry  hoppers,  of  a  rather  inconvenient  and  dis- 
agreeable noisiness  when  being  flushed.  Yet,  notwithstanding  all 
these  defects,  they  were  rightly  considered  vastly  superior  to  the  pan, 
valve  or  plunger  type  of  closet,  and  for  a  long  time  they  were  much 
in  use,  until  the  manufacturers  brought  out  other  improved  types. 

Far  better  than  the  wash-out  closets  are  those  having  the  whole 
bowl  so  shaped  as  to  form  at  once  a  trap  against  gases  from  the  soil 
pipe.  Such  closets  are 
sometimes  called  "  wash- 
down  "  closets  (Fig.  80) , 
when  the  flushing  stream  is 
driving  everything  out 
merely  by  the  downward 
force  of  the  pelting  water. 

Closets  of  similar  design, 
in  which,  however,  a  jet 
action  serves  to  cleanse  the 
trap  and  to  remove  the  con- 
tents of  the  basin,  are  called 
"  siphon  jet  "  closets.  In 
their    earlier    forms    they 

were  made  in  two  pieces,  the  bowl  being  of  earthenware  and  the 
body  of  the  closet  of  cast  iron  (see  Fig.  81),  but  later  on  they  were 
molded  in  one  piece  of  earthenware  (see  Figs.  83,  84,  85,  88). 


Fig.  80.     Section  of  Wash-down  Closet. 
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To  work  properly,  closets  of  this  type  require  a  flushing  cistern 
placed  at  least  six  or  seven  feet  above  the  bowl,  hence  they  are  not  so 
well  adapted  to  places  having  low  ceilings.     They  also  consume  a 


Fig.  8i.     Section  of  Siphon-jet  Closet. 

large  quantity  of  water,  viz.,  from  four  to  five  gallons  at  each  flush, 
which  fact  may  become  a  serious  objection  to  their  use  in  some 
places  where  the  water  supply  is  limited. 


Fig.  82.     Section  of  Siphon  Closet. 

An  ingenious  and  in  many  respects  excellent  form  of  improved 
pedestal  closet  is  the  *'Dececo ''  siphon  closet  (Fig.  82),  which  was 
the  invention  of  the  late  Col.  George  E.  Waring,  Jr.  It  is  made  in 
one  single  piece  of  white  earthenware,  of  graceful  form,  and  the 
bowl  is  so  shaped  that  it  forms  a  deep  water-seal  trap,  but  the  depth 
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is  confined  to  the  rear  paxt  of  the  closet,  just  where  the  water  is  most 
required.  At  the  front  the  bowl  is  covered  by  only  a  shallow  depth 
of  water.  In  its  early  form  the  closet  required  a  weir  under  the  floor 
to  aid  in  starting  the  siphonage.  I  quote  the  following  from  the 
inventor's  description  of  the  construction  and  operation  of  the 
closet: 

"In  this  closet  I  have  tried  to  overcome  the  objections  to  the  mechan- 
ical or  valve  closets,  while  retaining  the  very  great  advantage  of  a  deep 
bowlful  of  water  for  the  reception  of  deposits  and  for  the  suppression  of 
odor.  The  closet  has  a  seal  4  inches  deep,  a  depth  of  water  in  the 
bowl  of  nearly  7  inches,  disposed  in  the  most  useful  way,  and  a  suffi- 
cient submersion  of  the  front  part  of  the  bowl.  It  has  the  advantage, 
also,  that  its  seal  is  in  full  view,  and  always  under  control.  When 
it  seems  to  be  right,  it  is  right. 

"The  closet  is  supplied  with  water  through  an  ordinary  flushing-rim, 
connected  with  a  service  box  or  cistern  overhead,  which  is  operated  by 
a  pull.  When  the  latter  is  drawn,  a  capacious  supply  of  water  flows 
into  all  parts  of  the  bowl  through  the  flushing-rim,  washing  it  completely 
and  raising  its  water  level  rapidly.  There  is  soon  established , a  strong 
siphon  action,  which  continues  until  the  water  in  the  bowl,  into  which  a 
strong  stream  continues  to  flow,  descends  below  the  top  of  the  intaking 
limb.  Then  air  is  admitted  at  this  point  and  the  flow  through  the 
siphon  is  checked.  The  water  in  the  outgoing  limb  of  the  siphon  falls 
back  and  establishes  a  water  seal  in  the  bowl.  The  service  box  is  so 
arranged  that  after  the  main  supply  is  stopped  a  small  stream  continues 
to  be  discharged  into  the  bowl,  until  it  is  filled  to  the  height  of  the  over- 
flow point." 

"The  closet  uses  at  each  operation  about  3  gallons  of  water,  which 
gives  a  thorough  flushing  to  the  soil  pipe  and  to  the  drain,  while  it  has  a 
further  advantage  of  sending  a  good  part  of  its  water  into  the  soil  pipe  in 
advance  of  the  foul  matter,  thus  lubricating  their  passage  through  the 
whole  drainage  system.  Although  this  considerable  volume  of  water 
is  essential  to  its  complete  efficiency,  the  closet  can  be  emptied  by  pour- 
ing a  pailful  of  water  into  the  bowl,  an  advantage  which  renders  the  closet 
equally  adapted  as  a  slop-hopper." 

I  have  made  use  of  this  type  of  closet,  which  was  later  on  modified 
so  as  to  have  no  weir  under  the  floor,  in  a  great  many  first-class 
residences  and  in  hotels,  and  the  flushing  of  the  bowl  has  been  uni- 
formly good,  though  the  valve  in  the  flushing  cistern  has  at  times 
given  cause  for  complaint,  a  matter,  however,  not  beyond  remedy, 
and  which  has  no  reference  to  the  excellent  principle  of  the  closet. 
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Another  form  of  improved  pedestal  closet  requires  a  somewhat 
detailed  description,  because  it  is  of  superior  construction  and  its 
design  based  upon  sound  sanitary  principles.  This  is  the  Sanitas 
self-sealing  water-closet,  shown  in  section  in  Fig.  83. 


Fig.  83.     Section  of  Sanitas  Self-sealing  Water-closet. 

The  closet  is  manufactured  in  white  earthenware  and  resembles  some- 
what in  shape  the  short  hopper,  having  a  bowl  and  a  trap  combined  in 
one  piece  and  no  superfluous  interior  surfaces,  angles  or  comers  to  which 
soil  may  adhere.  The  area  of  the  bottom  of  the  bowl  is  so  shaped  as  to 
present  a  large  surface  of  standing  water  to  receive  and  deodorize 
waste  matters,  and  the  overflow  point  is  raised  much  higher  than  usual 
in  order  to  retain  a  deep  body  of  water,  and  hence  a  deep  water  seal, 
in  the  bowl.  It  should  be  noted  that  the  water  is  deepest  at  the  rear  of 
the  closet,  at  the  point  where  soil  would  be  most  liable  to  strike  the  sides. 

The  top  of  the  bowl  is  provided  with  a  flushing-rim  into  which  the 
flushing  water  enters  in  a  novel  manner.  To  avoid  the  usually  noisy 
operation  of  the  flush  and  also  the  frequent  spattering,  the  flushing 
water  is  conducted  into  a  large  body  of  water  below  the  normal  water 
level,  from  where  it  overflows  into  the  flushing-rim  and  hence  down  the 
sides  of  the  bowl. 

Another  part  of  the  flushing  water  is  directed,  independently  of  the 
stream  which  feeds  the  flushing-rim,  to  the  bottom  of  the  bowl,  where 
it  enters  through  a  jet  or  nozzle  arrangement,  discharging  with  great 
force  into  the  ascending  leg  of  the  closet  trap.  This  removes  part  of 
the  water  from  the  trap  and  causes  that  which  is  in  the  bowl  to  sink  into 
its  neck,  where  it  is  more  easily  acted  upon  by  the  upper  flush.  Mean- 
while the  upper  jet  fills  the  passage  leading  to  the  flushing-rim  and, 
overflowing,  descends  upon  and  drives  out  the  waste  matters  which 
have  descended  into  the  neck.  The  lower  jet  is  always  covered  by 
water  from  the  upper  flush,  the  construction  and  proportions  being  such 
as  to  ensure  this  result.     Hence  both  jets  are  noiseless. 
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In  other  trap-jet  closets  no  provision  is  made  to  ensure  the  covering  of 
the  jets  and  a  loud  roar  is  occasioned.  These  closets,  moreover,  are 
emptied  by  siphonic  action  produced  intentionally  in  the  trap,  and  this 
emptying  by  siphonage  adds  to  the  jet  roar  a  disagreeable  ''gulping'' 
sound,  caused  by  the  sudden  inrush  of  air  under  the  dips  as  the  water 
escapes.  Both  of  these  causes  of  noise  are  avoided  by  the  flushing 
principle  of  the  "Sanitas"  closet,  in  which  a  trap  vent  nozzle  is  pro- 
vided for  the  purpose  of  preventing  the  formation  of  a  siphon  by  the 
supply  of  air.  When  entire  noiselessness  is  not  needed  and  the  law  does 
not  demand  universal  trap  venting  this  vent  need  not  be  connected. 

The  action  of  the  ''Sanitas"  closet  is  almost  instantaneous,  it  being 
possible  to  flush  it  easily  in  one  second  and  with  less  than  a  gallon  and 
a  half  of  water. 

Another  peculiar  feature  of  the  flushing  of  this  closet  is  the  ''Sanitas" 
water-closet  supply  pipe,  in  which  all  delay  and  noise  occasioned  by 
the  water  passing  from  the  cistern  down  the  service  pipe,  when  the  pull 
is  operated  and  the  cistern  valve  is  lifted,  are  avoided  by  constructing  the 
supply  pipe  on  the  principle  of  an  inverted  bottle,  so  that  the  water  shall 
be  hung  in  it  below  the  dstem  valve,  as  far  down  as  the  standing  water 
in  the  bowl,  simply  by  the  pressure  of  the  atmosphere.  This  supply  pipe 
is,  therefore,  always  full  of  water,  the  pipe  being  dosed  at  the  top  by 
a  dstem  valve  and  at  the  bottom  sealed  by  the  water  in  the  doset  bowl. 
The  flush  is  thus  made  to  act  instantaneously.  The  doset  is  self-seal- 
ing, for  the  moment  the  water  in  the  trap  is  lowered  to  a  certain  point 
just  above  the  dip  of  the  trap,  water  follows  from  the  upright  supply 
pipe  until  the  trap  is  refilled  up  to  the  overflow  line.  There  is  thus 
provision  made  for  reestablishing  a  perfect  deep  water  seal  if  the  latter 
should  be  lost  by  evaporation  or  even  by  siphonage.  The  latter  case 
will  but  rarely  occur,  as  the  trap  has  more  than  the  ordinary  depth  of 
seal.  Evaporation,  on  the  contrary,  is  constantly  going  on  in  houses 
dosed  during  the  summer  months,  and  it  is  here  where  the  advantage 
of  the  self-sealing  doset  and  the  ''Sanitas"  water-closet  supply  becomes 
most  apparent.  Finally,  as  every  part  of  the  doset  bowl  and  trap  is  read- 
ily accessible  and  at  all  times  open  to  inspection,  it  is  easy  to  remove, 
by  a  sponge  or  otherwise,  all  water  from  the  doset  in  houses  to  be  left 
unoccupied  during  the  winter,  in  which  plumbing  work  is  most  exposed 
to  freezing. 

Shortly  after  the  principle  of  the  siphon- jet  closets  became  known, 
several  manufacturers  of  sanitary  specialties  introduced  improved 
forms  of  siphon- jet  and  siphon  water-closets,  of  which  1  will  mention 
and  illustrate  several  of  the  best  types. 

Fig.  84  is  a  vertical  section  through  Mott's  "  Primo "  siphon- jet 
water-closet  apparatus.    As  the  section  shows,  the  bowl  holds  a 
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Fig.  84.     Section  of  Mott's  "  Primo  "  Siphon-jet  Water-closet. 
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Fig.  85.     Section  of  Improved  "  Primo  "  Water-closet. 
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large  volume  of  water,  and  the  bowl  is  judiciously  shaped.  The 
flushing  water,  coming  from  the  overhead  flushing  tank,  is  divided 
at  the  entrance  to  the  bowl  into  two  streams,  one  of  which  enters  the 
flushing-rim  to  wash  the  upper  portion  of  the  bowl,  while  the  other 
stream  descends  to  a  lower  jet,  which  assists  in  ejecting  the  contents 
of  the  bowl.  A  recent  improvement  of  this  closet  consists  in  placing 
the  orifice  of  the  jet  so  as  to  be  concealed,  leaving  the  lower  bottom 
of  the  bowl  entirely  free  from  holes  in  the  earthenware  or  from  brass 
jet  pieces  as  used  in  some  of  the  earlier  forms  (Fig.  85). 

In  Fig.  86  is  shown  an  improved  form  of  floor  connection  used 
in  some  of  the  closets  made  by  the  J.  L.  Mott  Iron  Works,  and 


Fig.  86.     Section  of  Mott's  Improved  Fonn  of  Floor  Connection. 

which  is  intended  to  give  greater  guarantee  against  leaky  floor  joints. 
A  brass  flange  threaded  on  the  outside  is  securely  and  rigidly  ce- 
mented into  the  foot  of  the  closet,  and  the  lead  bend  is  provided  with 
a  brass  collar  threaded  on  the  outside.  In  setting  the  closet,  it  is 
screwed  upon  the  brass  collar  soldered  to  the  lead  bend,  and  plum- 
bago grease  is  put  on  the  threads,  as  red  or  white  lead  would  harden 
so  much  in  the  joint  that  the  closet  could  not  be  unscrewed  after 
once  being  set. 

Fig.  87  shows  the  "  Vortex  "  special  water-closet  manufactured  by 
the  Meyer-Sniffen  Company.  In  principle  it  is  similar  to  the  siphon- 
jet  closets  previously  mentioned  and  illustrated.  It  has  a  very  good 
form  of  bowl  and  an  efficient  flush.  The  top  of  the  closet  and  the 
flushing-rim  are  molded  with  a  roll-rim  which  gives  to  the  closet 
an  excellent  appearance. 

Fig.  88  illustrates  in  section  the  form  of  the  bowl  of  the  "Pluvic" 
water-closet,  another  excellent  closet  of  recent  date,  made  by  the 
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Fig.  87.     View  of  Meyer-Sniffen  Go's  "Vortex "  Siphon-jet  Closet. 
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Hydraulic  Specialty  Company  of  Philadelphia.  The  special  features 
of  this  closet  are  that  it  dispenses  with  jets  in  the  lower  part  of  the 
closet  bowl.  Its  flush  is  instantaneous  and  strong,  and  comparative 
noiselessness  is  attained  by  forcing  the  air  contained  in  the  flush 
pipe  out  through  the  outer  shaft  of  the  closet  into  the  soil  pipe,  so 


Fig.  88.     Section  of  Pluvic  Closet. 


that  the  water  entering  the  flushing-rim  is  free  from  air.  As  long 
as  there  is  water  in  the  bowl,  this  closet  is  securely  sealed  against 
gases  from  the  soil  pipe.  One  minor  advantage  of  this  closet  is  that 
it  can  be  worked  by  means  of  the  discharge  of  a  pail.  It  is  eflBiciently 
flushed  with  a  few  gallons  of  water.  The  appearance  of  the  closet 
with  its  flushing  cistern  is  shown  in  Fig.  89. 

Besides  the  siphon-jet  and  siphon  closets  there  is  another  type 
of  closet  which  is  an  evolution  of  the  improved  hopper  closet  with 
water  in  the  bowl.  For  want  of  a  better  name  these  closets  are 
designated  as  pedestal  wash-down  closets,  the  direct  action  of  the 
flushing  water  as  it  enters  the  bowl  with  a  downward  rush  effecting 
the  discharge.  A  very  excellent  closet  belonging  to  this  class  is 
the  "Surety"  closet  made  by  the  Meyer-Sniffen  Company,  illus- 
trated in  section  in  Fig.  90. 

A  wash-down  closet  very  similar  in  action  and  appearance  is  the 
"  Sanic"  water-closet  manufactured  by  the  Hydraulic  Specialty  Com- 
pany of  Philadelphia,  and  shown  in  Fig.  91.  It  should  be  noted 
that  in  closets  of  this  type  it  is  important  that  the  water  should 
descend  very  rapidly  into  the  bowl,  hence  it  is  advisable  to  use  a 
flush  pipe  of  I J  or  even  i^  inches  bore.     Sometimes,  however,  they 
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Fig.  89.    View  of  "  Pluvic  "  Closet. 
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Fig.  90.     Section  of  Meycr-Sniffen  Go's  "  Surety  "  Closet. 
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are    flushed   by  a  special  flushometer  valve,   as  shown   in  this 
case. 

Besides  water-closets   having  the  regulation  overhead  flushing 
tanks  there  have  been  introduced  in  recent  years  two  modifications, 


Fig.  91.     View  of  Sanic  Closet  with  Flushometer  Valve. 


viz.,  the  so-called  "low-down  tank"  closets  (Figs.  92  and  93), 
and  the  closets  which  have  a  flushometer  valve  in  place  of  the  over- 
head tank.  In  my  judgment,  they  have  a  limited  usefulness,  such 
as  in  situations  where  the  water-closets  must  necessarily  stand  under 
stairs  with  little  head  room,  or  for  the  upper  floors  of  buildings, 
where  the  water  pressure  is  low.  I  cannot  see  any  good  and  valid 
reason  for  using  them  altogether  in  place  of  the  regular  closet  appara- 
tus with  high  cistern.  I  have  yet  to  learn  of  a  good  closet  with  a 
good  overhead  tank  which  has  failed  to  work  well  and  to  give 
continued  satisfaction  while  requiring  but  small  repairs  or  none  at 
all.  There  are  fads  in  everything,  and  my  impression  is  that  the 
preference  given  in  certain  quarters  to  a  flushometer  closet  must  be 
accounted  for  as  being  merely  a  passing  fad. 
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Fig.  q2.     View  of  Hydric  "  Low-down  Tank  "  Closet. 


Fio.  93.    View  of  Mott*s  Latona  "  Low-down  Tank  "  Closet. 
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Flo.  94.    View  of  Crane  Co's  Flush-valve  Closet. 

/A 


Fio.  95.     Sectional  "N^ew  Boston  Flush-valve. 
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Flushometer  Valves.  —  The  Boston  flush-valve  closet  (Fig.  94) 
made  by  the  Crane  Company  of  Chicago  is  claimed  to  be  one  of 
the  best  of  its  kind.  Many  flushometer  valves  have  been  put  on 
the  market  with  varying  success  where  the  water  was  fairly  clean, 


Fig.  96.     View  of  "  Unique  "  Water-closet  with  Closed  Tank  for  Flushing. 

free  from  grit,  alkali  or  alum.     All  such  valves  have  been  constructed 
practically  upon  the  same  principles. 

A  sectional  view  of  the  Boston  flush  valve  is  shown  in  Fig.  95. 
This  valve  is  claimed  to  work  just  as  well  on  dirty  or  muddy  water 
as  it  will  on  filtered  water,  because  there  are  no  small  by-passes 
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to  Stop  up  or  close  fits  to  corrode,  and  it  does  not  make  any  differ- 
ence whether  the  water  contains  alkalies  or  not.  It  can  be  regulated 
to  any  length  of  flush  desired  without  shutting  off  the  water. 


Fig.  97.     Sectional  View  of  '*  Unique  "  Water-closet  with  Supply  Tank  Placed  behind 

a  Partition. 


The  working  parts  of  the  valve  may  be  removed  simply  by  un- 
screwing the  cap  C 

Figs.  96  and  97  show  another  novel  form  of  flushing  device  for 
a  water-closet.     The  bowl  of  the  closet  is  much  the  same  as  other 
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bowls,  but  the  difference  consists  in  the  device  intended  for  flushing. 
Instead  of  an  overhead  flushing  tank,  or  a  low-down  tank,  or  a  flush- 
ometer  valve,  the  "Unique"  water-closet,  manufactured  by  the 
Staples  Valve  Company  of  Newburgh,  N.  Y.,  provides  a  closed 
metal  cylindrical  tank  as  shown. 


Fig.  98.    View  of  "  Unique  "  Water-closet  Showing  Seat  Action. 

It  is  connected  with  the  supply  pipe  through  inlet  A  (Fig.  97)  and 
is  operated  by  pressing  down  the  handle  C,  which  must  be  held  a 
short  time  and  released.  When  the  handle  is  pressed  down  water  passes 
through  the  auxiliary  valve  F  under  plunger  I,  lifting  the  plunger 
until  it  touches  float  H,  which  immediately  rises  to  the  top  of  the 
inner  chamber  G,  opening  the  outlet  from  the  tank.  The  compressed 
air  above  the  water  in  the  tank  E  forces  the  water  do^^n  into  chamber 
D,  the  plunger  returns  to  its  original  position  and  the  water  passes 
out  into  the  flushing-rim  of  the  bowl  through  outlet  B.  The  device 
operates  successfully  only  where  the  pressure  is  more  than  10  pounds, 
and  according  to  the  pressure  two  different  sizes  of  tanks  may  be  selected. 
The  valve  may  be  operated  by  hand  or  else  it  may  be  made  automatic 
■    by  being  connected  with  the  seat. 

As  shown  in  Fig.  98  this  style  of  closet  lends  itself  particularly 
to  conditions  where  it  is  desired  to  hide  the  flushing  tank  from 
view.    It  is  said  that  this  closet,  if  properly  installed,  is  absolutely 
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noiseless  in  ax:tion.  It  uses  from  3^  to  4J  gallons  of  water  at  each 
flush,  and  being  made  in  one  piece  of  metal  it  is  not  so  liable  to  leak 
as  box  tanks.  It  has  only  a  few  working  parts  and  is  said  not  to 
get  out  of  order  easily. 

Closet  Bowls  with  Local  Vent. —  Sometimes  the  water-closet 
bowls  are  provided  with  local  ventilation^  the  vent  outlet  being 
connected  with  a  heated  iflue,  as  shown  in  Fig.  99. 


Fig.  99.     Section  of  Water-closet  with  Local  Vent. 


General  Arrangement  of  Water-closets. —  The  manner  of  setting 
the  water-closet  in  the  bath  or  toilet  room  is  of  much  importance. 
Simplicity  in  arrangement  and  entire  accessibility  of  the  fixture 
and  its  surroundings  are  the  chief  requirements.  To  accomplish 
both,  I  long  ago  advised  putting  as  little  woodwork  about  the 
fixtures  as  possible.  All  that  is  required  is  a  well-made  hardwood 
seat,  preferably  without  cover.  • 

Water-closet  Seats.  — The  old-fashioned  square-box  water-closet 
seat  with  frame  and  riser  in  front  of  the  bowl  is  now  quite  obsolete. 
If  a  full  seat  is  desired,  it  should  be  supported  on  the  side  walls  by 
means  of  nickel-plated  crotches  fastened  to  the  wall  (Fig.  100). 
The  seat  should  be  arranged  so  it  can  be  lifted  out  of  the  crotches 
to  expose  the  entire  water-closet  apparatus.    This  permits  of  turning 
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the  seat  out  of  the  way  when  the  closet  is  not  in  use,  thus  leaving 
the  fixture  exposed  so  as  to  be  readily  cleaned.  The  same  arrange- 
ment makes  a  closet  serviceable  as  a  urinal  for  male  persons. 


V 


111 


^ 


Fig.  ioo.     Detail  Plan  of  Full-size  Water-closet  Seat. 


Some  years  ago  a  porcelain  drip  tray  was  fitted  up  in  connec- 
tion with  the  square  frame  seat  to  prevent  spillage,  but  I  consider 
this  an  unnecessary  appendage  to  an  open-set  water-closet,  it  being 
just  as  objectionable  from  a  sanitary  point  of  view  as  the  wooden 
riser. 
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In  the  past  few  years  it  has  become  customary  to  attach  the 
wooden  seats  directly  to  the  porcelain  closet  bowl  by  means  of 
nickel-plated  brass  posts  and  brass  hinges  so  that  the  seat  can  be 
swung  back  and  out  of  the  way.  In  the  illustrations  are  shown 
several  forms  of  modern  apparatus  having  such  a  sanitary  seat 
arrangement. 

Regarding  the  shape  and  dimensions  of  the  hole  in  the  seat,  there 
is  still  noticeable  a  tendency  to  make  the  hole  too  large.  One  of 
the  most  comfortable  and  hygienic  seats  of  which  I  have  knowledge 
is  made  of  shape  and  dimensions  as  shown  in  Fig.  loi. 


Fig.  1 01.     Water-closet  Seat  of  Approved  Dimensions. 

In  connection  with  the  arrangement  of  water-closet  seats,  some 
special  devices  and  types  call  for  brief  mention.  In  the  use  of  a 
closet  quite  often  some  urine  is  spilled  over,  and  with  the  modem 
open  arrangement  of  fixtures  this  has  led  to  undesirable  conditions 
at  the  foot  or  base  of  the  closet.  Formerly  the  same  trouble  was  apt 
to  occur,  to  be  sure,  but  it  did  not  show  then,  though  it  led  just  the 
same  to  imsanitary  conditions  inside  of  the  box  enclosure  of  the 
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Fig.  I02.     Front  View  of  Mott's  Special        Fio.  103.     Rear  View  of  Mott's  Special 
Form  of  Water-closet  Seat.  Form  of  Water-closet  Seat. 


Fig.  104.     View  of  Special  Water-closet  Fig.  105.     Plan  of  Crescent-shaped 

Seat.  Water-closet  Seat. 


fixtures.     Recently  several  attempts  have  been  made  to  overcome 
this  defect. 

Some  closets,  like  the  "Titan-Sano"  and  the  "  Beekman-Sano  " 
of  the  J.  L.  Mott  Iron  Works  (Figs.  102  and  103),  have  a  special 
form  of  seat,  in  which  the  front  portion  of  the  woodwork  is  cut 
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out  and  the  bowl  so  shaped  at  the  front  and  top  of  the  closet  as  to 
substitute  porcelain  for  the  wood.     This  raised  porcelain  part  is 

intended  to  prevent  the 
soiling  of  the  front  part 
of  the  seat  and  of  the 
jfloor.  Incidentally  it 
provides  another  int- 
portant  sanitary  feature 
by  reducing  the  danger 
of  bodily  contagion  to  a 
minimum.  This  form 
of  closet  seat  was  orig- 
inally devised  by  a 
woman  (see  Fig.  104), and 
it  is  now  in  use  in  many 
women's  toilet  rooms 
of  hotels,  department 
stores,  railroad  depots, 
hospitals  and  office  build- 
ings. A  similar  seat  with- 
out the  raised  porcelain 
part  is  shown  in  Fig.  105. 
Another  form  of  water- 
closet  bowl,  diflfering 
from  the  standard  form 
and  embodying  a  novel 
idea,  was  brought  out  a 
few  years  ago.  It  is 
illustrated  in  Figs.  106, 
107  and  108,  and  is 
known  as  the  "  Naturo  " 
closet.  Instead  of  having 
the  usual  horizontal  form 
of  water-closet  seat,  this 

Fig.  106.     View  of "  Naturo "  Closet.  closet     provides      a     seat 

with  a  backward  slant, 
that  is,  the  bowl  and  seat  are  higher  in  front  than  in  the  rear,  and 
at  the  same  time  the  bowl  and  seat  are  lower  than  the  normal  ones 
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(see  Fig.  io6).  The  inventor  claims  — and  many  physicians  and 
surgeons  confirm  his  views  —  that  a  high  seat  is  not  only  uncom- 
fortable and  leads  to  a  cramped  position  of  the  body,  but  that 
it  is  physiologically  incorrect,  because  it  causes  a  constriction  of 


Fig.  107.     View  of  *'  Nature  "  Closet. 


Fig.  108.     View  Illustrating  Slant  of  "  Nature  "  Water-<:loset  Bowl. 

the  long  intestine  or  descending  colon.  The  "Naturo"  closet 
differs  from  the  ordinary  closet  in  the  shape  of  the  slanting  bowl 
and  seat,  which  compel  the  user  to  assume  a  physiologically  correct 
position  when  seated,  i.e.y  a  posture  which  favors  an  easy  and 
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complete  evacuation  of  the  rectum.  It  is  said  that  gynaecologists 
also  approve  of  the  principles  upon  which  the  "Naturo"  closet 
is  based,  for  reasons  which  it  is  not  necessary  to  explain  here. 

An  incidental  advantage  gained  by  the  use  of  the  slanting  form 
of  bowl  and  seat  is  that  in  micturition  in  a  sitting  position,  both 
by  male  and  female  persons,  the  front  of  the  bowl,  being 
raised  higher,  forms  a  protection  and  a  safeguard  against  the  wet- 
ting of  the  seat,  and  against  the  spilling  of  urine  over  the  front  top 
rim  of  the  bowl,  which  so  commonly  occur  with  the  usual  closet 
bowls.  From  personal  observation  I  can  assert  the  fact  that  this 
is  accomplished  very  satisfactorily,  and  thus  another  advantage 
from  a  sanitary  point  of  view  is  attained,  which  is  at  least  equal  to 
that  of  the  form  of  water-closet  bowl  described  before. 

Floor  and  Walls  of  Water-closet  Compartments. — ^The  floor  and 
the  walls  of  a  water-closet  apartment  look  best  when  finished  with 
plain  white  glazed  tiles  or  with  marble  slabs;  both  arrangements 
are  much  superior,  though  more  costly,  than  wooden  wainscoting. 
Where  economical  reasons  do  not  permit  the  expenditure  required 
for  tiling  or  marble,  a  slab  of  slate  forms  a  good  floor,  and  for  the 
simplest  and  plainest  kind  of  work  a  narrow  well-jointed  hard- 
wood floor  answers  all  purposes,  though  it  is  even  then  wise,  and 
required  by  some  building  or  plumbing  regulations,  to  use  a  nar- 
row marble  or  glazed  porcelain  slab  directly  under  the  fixture. 

The  Slop-hopper  or  Slop-sink.  —  An  open  arrangement  of  the 
water-closet  fixture  permits  its  use  as  a  slop-hopper,  and  it  is  im- 
portant in  cases  where  such  use  is  made  of  the  water-closet  to 
instruct  the  servants  to  flush  the  fixture  each  time  slops  are  poured 
through  it.  The  occasional  use  of  a  water-closet  as  a  slop-hopper 
assists  in  preventing  its  sides  from  becoming  befouled,  particularly 
in  case  of  the  dry  hopper  closets.  Nevertheless  I  do  not  desire  to 
be  understood  as  being  opposed  to  the  use  of  special  slop -water 
apparatus  in  every  case.  I  consider  them  a  necessity  in  hospitals, 
hotels,  large  boarding  houses,  clubhouses,  and  in  the  better  class  of 
private  residences,  where  each  bedroom  is  generally  provided  with 
its  own  separate  bath-room.  In  this  case  a  housemaid's  com- 
partment must  be  provided  on  the  bedroom  floor  which  should 
contain  a  slop-sink. 

The  objectionable  pan,  valve    and  plunger  closets  could  not  be 
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Fig.  log.    View  of  a  Flushing-rim  Slop-sink. 
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used  for  the  pouring  out  of  slops,  as  their  overflow  passages  neces- 
sarily became  filthy  from  such  use.  In  private  residences,  fitted 
up  with  freely  exposed  improved  modern  types  of  water-closets 
having  no  mechanical  obstructions  in  the  bowl,  and  presenting  a 
large  and  free  waterway  into  the  drain,  a  slop-sink  or  slop-hopper 
may,  in  some  cases,  be  considered  a  superfluous  fixture. 

But,  if  a  slop-sink  is  used,  it  should  preferably  be  of  the  type 
which  has  a  flushing-rim  and  a  regular  flushing  cistern  with  flush 
pipe  connected  with  the  top  of  the  sink,  such  as  shown  in  Fig.  109. 
Such  a  fixture  always  requires  a  strainer,  generally  an  open  Strainer, 
to  prevent  the  obstruction  of  the  trap.  The  latter  is  formed  in 
the  shape  of  a  standard  and  answers  as  a  support  of  the  slop-sink 
proper.  The  sink  should  be  provided  with  single  or  combination 
faucets  for  hot  and  cold  water  and  with  a  flush  pipe  coming  from 
the  overhead  tank.  These  fixtures  are  obtainable  in  enameled 
iron  or  of  porcelain,  which  latter  are  possibly  more  durable;  but 
best  of  all  are  the  new  roll-rim  earthenware  slop-sinks,  made  in 
one  piece  of  heavy  glazed  ware  and  having  the  top  provided  with 
a  flushing-rim  molded  in  the  sink. 

The  Urinal.  — For  private  residences  the  urinal  seems  to  be  the 
least  desirable  of  all  fixtures.  Although  really  superfluous  and 
always  objectionable,  this  fixture  is  still  found  in  some  of  the 
larger  dwellings.  I  have  already  indicated  how  a  water-closet, 
fitted  up  with  a  hinged  seat  and  entirely  open  in  accordance  with 
the  most  modern  ideas,  may  be  perfectly  well  used  as  a  urinal. 

It  is  quite  different  in  the  case  of  hotels,  railroad  stations,  club- 
houses, and  places  of  amusement.  Here  the  fixture  is  a  neces- 
sary one  in  the  toilet  rooms  intended  for  the  general  public  (see 
Fig.  no). 

A  urinal  fixture  must  be  flushed  with  an  abundance  of  water  in 
the  most  thorough  manner,  and  it  is  always  desirable  that  the 
fixture  itself  into  which  the  urine  is  discharged,  should  contain 
water,  so  as  to  dilute  the  urine.  A  form  of  urinal  intended  to 
offer  these  advantages  is  shown  in  Fig.  iii.  The  trap  is  in  this 
case  molded  in  one  piece  with  the  bowl.  Several  new  styles  of 
urinals  are  molded  much  on  the  principle  of  the  siphon-jet  closet 
and  have  a  very  powerful  flush  which  thoroughly  cleanses  the 
fixture.     My  experience  with  urinal  fixtures  has  been  that  those 
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Fig.  iio.     View  of  Urinal. 
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not  provided  with  a  lip  in  front  keep  cleaner,  as  the  user  will  ^tan 
nearer.  Another  help  in  securing  a  clean  urinal  stall,  free  froj 
drippings  on  the  floor,  is  to  set  the  urinal  low,  not  more  than  twent 
inches  from  the  floor  to  the  top  of  the  front  of  bowl. 

A  novel  form  of  urinal  apparatus  is  shown  in  Fig.  112.  It  i 
a  pedestal  urinal,  with  bowl  holding  water.  This  form  of  urina 
was  first  brought  out  by 
the  Meyer-Sniffen  Com- 
pany. As  shown  in  the 
view.  Fig.  113,  the  urinal 
is  made  of  earthenware 
in  pedestal  form,  and 
stands  entirely  free  from 
the  wall  on  the  floor. 
This  does  away  with 
the  joint  between  the 
usual  form  of  urinal  and 
the  wall,  and  permits 
the  easy  cleaning  of 
the  entire  fixture.  The 
bowl,  as  shown   in   sec- 


tion, is  formed  very 
much  like  the  bowl  of 
a  siphon-jet  closet,  and 
the  discharge  of  the 
urinal  is  effected  by 
means  of  the  jet  sup- 
plied from  the  overhead 
tank.  Another  advan- 
tage claimed  for  this 
style  of  urinal  fixture  is 
that  the  user  will  stand 
closer  to  the  fixture, 
thereby  insuring  greater 
cleanliness.  A  further 
possible     advantage     is 

that  owing  to  its  peculiar  shape  the  fixture  seems  adapted  to  be 
used  as  a  urinal  by  both  men  and  women. 


Fig.  113.     Mew  of  Pedestal  Urinal. 
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For  public  buildings  the  best  form  and  type  of  urinal  available 
is  the  solid  porcelain  stall  urinal  in  niche  form,  with  base  and 
platform  of  glazed  earthenware,  and  provided  with  large  strainer 
and  waste  pipe. 

General  Arrangement  and  Connection  of  Plumbing  Appliances  with 
the  Plumbing  and  House  Drainage  System.  —  It  is  not  necessary  in 
this  chapter  to  give  a  minute  description  of  how  the  sanitary  appli- 
ances of 'a  building  are  connected  with  the  drain  and  soil-pipe 
system,  how  this  system  is  efficiently  ventilated,  and  how  the  fix- 
tures are  trapped  in  a  safe  manner  so  as  to  prevent  sewer  air  from 
entering  the  apartment  where  the  fixture  is  located,  for  the  elements 
of  a  system  of  house  drainage  and  the  proper  arrangement  of  soil, 
waste  and  vent  pipes  have  been  discussed  m_  Chapter  I.* 

A  few  illustrations  are  introduced  here  for  the  sak^  of  explana- 
tion. Fig.  114  shows  the  plans  and  Fig,  115  the  section  of  the 
plumbing  of  a  city  house. 

Fig.  116  shows  the  plumbing  connections  for  a  kitchen  and  an 
adjoining  butler's  pantry  sink,  and  Fig.  117  shows  the  plumbing 
of  a  set  of  laundry  tubs.  The  plumbing  connections  for  bath 
rooms  are  shown  in  two  examples,  Figs.  118  and  119,  and  Fig. 
120  shows  the  plumbing  for  a  single  washstand,  while  Fig.  121 
shows  a  set  of  two  adjoining  lavatories.  This  last  arrangement  is 
the  only  one  showing  back- vented  traps;  all  other  figures  are  ex- 
amples of  the  one-pipe  system  in  connection  with  non-siphoning 
traps.     (See  Chapter  III.) 

Finally  I  give  in  Figs.  122-125  typical  views  of  modem  bath  rooms. 
Figs.  124  and  125  are  taken  from  'a  well-illustrated  booklet  of  the 
Standard  Sanitary  Manufacturing  Company  of  Pittsburg,  which 
firm  makes  a  specialty  of  high-grade  enameled  iron  fixtures.  Figs. 
I2j2  and  123  are  from  a  similar  book,  issued  by  the  J.  L.  Mott  Iron 
Works  of  New  York,  who  are  chiefly  manufacturers  of  fine  solid 
porcelainware  fixtures. 

These  various  groups  of  sanitary  bath  rooms  exhibit  the  latest 
and  highest  types  of  plumbing  appliances  in  the  market.     The 

*  For  a  detailed  discussion  of  the  various  kinds  of  traps  and  methods  of  trapping 
pipes  and  house  drains  the  reader  is  referred  to  the  author's  larger  work  "Sanitary 
Engineering  of  Buildings,"  and  to  his  booklet  "  House  Drainage  and  Sanitary  Plumb- 
ing." 
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Fig.  119.     Plumbing  Connections  for  a  Bath  Room. 


FlG.  120.     Plumbing  Connections  for  Washstand^ 


PLUMBING   OF  MODERN   CITY  BUILDINGS.  1 73 


Fig.  121.     Plan  and  Section  Showing  Pipe  Connections  for  Two  Washstands. 

j)Iumbing  of  some  of  these  rooms  is  plain  and  inexpensive,  as  for 
instance  that  of  Fig.  122a  and  Fig.  124b,  while  that  of  others  is  very 
rich,  ornate  and  elaborate. 

Fig.  122a  is  a  splendid  example  of  a  bath  room  having  a  minimum 
of  space  but  fitted  with  all  necessary  conveniences.  About  four 
hundred  such  bath  rooms  were  installed  a  few  years  ago  under  the 
writer's  direction  in  a  prominent  hotel  in  New  York  City. 

figs.  123a  and  124a  illustrate  the  arrangement  of  the  water-closet 
in  a  ventilated  compartment  separate  from  the  bath  room  proper, 
advocated  by  the  author  as  desirable  and  preferable  where  the 
available  room  permits  of  it. 

Elaborate  bath-room  plumbing  is  shown  in  Figs.  122b  and  123b. 
One  of  the  handsomest  rooms  is  perhaps  the  one  shown  in  Fig. 
122b,  a  small  plan  of  which  appears  also  in  the  illustration.  This 
is  a  room  of  much  more  liberal  dimensions  and  permits  the  use  of 
a  porcelain  lavatory  of  extra  large  size  and  of  a  white  porcelain  bath- 
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Fig.  123a. 


Fig.  123b. 
Tut)  Views  of  Modem  Bath  Rooms,  Taken  from  Catalogue  of  J.  L.  Mott  Iron  Works. 
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FigI  124b. 

Two  Views  of  Modern  Bath  Rooms,  Taken  from  Catalogue  of  Standard  Sanitary 
(176)  Mfg.  Co.,  Pittsburgh,  Pa. 
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Fig.  125b. 

Two  Views  of  Modern  Bath  Rooms,  Taken  from  Catalogue  of  Standard  Sanitary 

Mfg.  Co.,  Pittsburgh,  Pa.  (177) 


178       WATER  SUPPLY,   ETC.,   OF   MODERN   CITY  BUILDINGS. 

tub  set*  in  the  center  of  the  floor.     Two  alcoves  of  the  room  con- 
tain a  shower  and  needle  bath  and  a  water-closet,  respectively. 

The  special  application  of  the  principles  of  .sanitary  drainage 
and  sanitation  to  hospitals,  theaters  and  school  buildings  is  dis- 
cussed in  Chapter  VIII  as  well  as  in  the  author's  recent  book  "Sani- 
tation of  Public  Buildings,"  while  the  plumbing  of  bath  houses 
forms  the  subject  of  a  chapter  in  his  illustrated  work  *'  Modern 
Baths  and  Bath  Houses." 


CHAPTER   III. 
ADVANCED  AND  SIMPLIFIED  PLUMBING. 

Systems  of  Plumbing.  —  A  critical  consideration  of  the  layout  of 
the  plumbing  and  the  house  drainage  to  be  found  in  houses  at  the 
present  day  shows  that  we  can  distinguish  three  principal  systems, 
namely: 

(a)  The  antiquated  or  defective  system. 

(b)  The  regtilar  or  modem  system  of  plumbing  as  carried  out 
to-day  in  most  cities  having  plumbing  regulations. 

(c)  The  advanced  system,  embodying  simplified  and  improved 
methods  that  have  suggested  themselves  in  the  light  of  recent  experi- 
ence. The  last  system  is  the  one  advocated  by  the  foremost  sani- 
tarians as  the  system  of  the  future. 

Antiquated  Plumbing  Systems.  —  To  the  antiquated  system  (a) 
belong  all  the  defective  arrangements  of  plumbing  or  house  drainage 
as  we  see  them  described  in  some  of  the  text-books  and  as  we  find 
them  in  our  inspections  of  those  buildings  which  are  more  than 
twenty-five  years  old. 

Among  the  chief  defects  of  such  systems  I  mention  the  square 
brick  channels  for  house  drains,  or  drains  consisting  of  pipes  of  too 
large  caliber  and  very  often  made  of  vitrified  pipe  with  faulty  grade 
and  alignment;  with  imperfectly  closed  joints  and  other  defects. 
To  this  class  belong  also  those  systems  in  which  the  soil  pipe  is  not 
carried  the  full  size  to  the  roof,  but  either  stops  entirely  at  the  highest 
fixtures  in  the  house  or  else  has  a  diminutive  vent  pipe  carried 
through  the  roof. 

In  connection  with  such  imperfect  layouts  we  generally  find  de- 
fective pan  or  valve  closets  with  direct  flush  from  the  water  service 
instead  of  by  a  cistern  supply;  we  also  find  the  other  fixtures  of  a 
bath  room  unprovided  with  separate  traps,  their  waste  pipes  being 
run  into  the  lead  trap  of  the  water-closet. 

In  aggravated  cases  of  this  class,  the  safe  waste  pipes  are  directly 
connected  with  soil  pipes,  and  sometimes  local  vents  for  water-closets 
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or  urinals  are  so  connected,  thus  forming  a  direct  means  of  entrance 
of  sewer  air  into  the  room.  Sometimes  the  overflow  pipe  of  a  bath 
tub  or  wash  basin  is  connected  with  a  waste  pipe  on  the  wrong  side 
of  the  trap,  and  the  overflow  from  the  house  tank  or  from  the 
underground  cistern  is  connected  either  with  the  soil  pipe  or 
with  the  house  drain,  sometimes  even  without  the  interposition  of 
a  trap. 

The  remedies  for  the  radical  defects  mentioned  are  well  known 
and  require  no  further  discussion.  In  a  general  way,  I  would  say 
from  a  large  experience  with  such  work,  that  the  best  and  almost 
only  thing  to  do  to  remedy  such  defects  is  to  rip  out  the  entire  plumb- 
ing and  to  provide  not  only  new  fixtures  but  also  new  house  drains, 
soil  and  vent  pipes. 

Modem  Plumbing  Systems.  — The  second  system  (6),  which  is 
the  common  or  regtilar  system  constructed  in  conformity  with  the 
majority  of  plumbing  regulations  of  the  present  day,  is  in  many 
ways  a  vast  improvement  over  the  old  system.  It  is  the  out- 
come of  the  experience  of  the  last  twenty-five  years;  yet,  as  I  shall 
explain  later  on,  it  is  by  no  means  perfect  nor  as  simple  and  com- 
prehensive as  might  be  desired.  In  order  to  point  out  the  chief 
features  of  this  system,  I  give  herewith  a  brief  description  (see  also 
Chapter  I). 

Every  building  is  connected  separately  and  directly  with  the  sewer 
in  the  street  in  front  of  the  house,  or  with  the  sewer  in  an  alley  in  the 
rear.  Vitrified  stoneware  pipes  are  used  for  the  main  outside  house 
sewer  to  within  a  distance  of  generally  five  feet  of. the  foundation 
walls;  under  special  conditions  outside  sewer  pipes  of  iron  are 
used. 

The  diameter  of  the  house  sewer  is  made  much  smaller  than 
formerly.  In  the  case  of  country  houses  where  the  rain  water  is 
excluded,  and  also  in  the  case  of  urban  residences,  in  cities  having 
the  separate  system  of  sewerage,  its  diameter  is  determined  by  the 
number  of  plumbing  fixtures.  Where,  however,  the  rainfall  is  dis- 
charged through  the  house  sewer  into  the  public  sewer,  the  size  of  the 
house  roof,  the  area  of  the  lot,  if  paved,  and  the  amount  of  rainfall 
govern  the  size.  Speaking  generally,  small  houses  are  readily 
drained  by  four-inch  sewers,  five-inch  sewers  answer  for  large  city 
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houses,  and  six-inch  sewers  are  required  only  for  very  large  buildings. 
For  buildings  covering  a  wide  area  it  is  better  to  provide  two  or  more 
six-inch  sewers  rather  than  to  use  one  sewer  of  extra  large  size  which 
ordinarily  runs  not  more  than  one-fourth  full  and  hence  lacks  a 
scouring  flush. 

The  smaller  the  size  of  the  pipe,  the  larger  must  be  the  inclination 
given  to  the  house  drain  to  secure  a  velocity  of  flow  which  will  pre- 
vent deposits.  Where  sufficient  fall  cannot  be  obtained  flushing 
arrangements  are  provided.  All  joints  are  made  absolutely  tight  to 
prevent  (^ntamination  of  the  soil  under  and  around  habitations  by 
the  leakage  of  sewage  and  to  prevent,  in  the  country,  the  pollution 
of  the  drinking-water  in  wells. 

All  inside  house  drainage  arrangements  are  governed  by  the  fol- 
lowing three  essential  principles,  viz. :  first,  all  waste  matter  capable 
of  being  transported  by  water  must  be  removed  quickly  and  com- 
pletely as  soon  as  produced,  and  no  retention  of  foul  matter  in  hidden , 
parts  must  be  permitted;  second,  the  air  of  the  house  sewer  and  of 
soil,  drain  and  waste  pipes  must  not  be  permitted  to  enter  the  rooms 
of  the  building  through  the  outlets  of  fixtures;  third,  the  entire 
drainage  system,  including  fixtures,  traps  and  pipes,  must  be  self- 
cleansing  and  constructed  so  as  to  be  readily  accessible  in  all  its  vital 
parts. 

The  house  drains  are,  as  a  rule,  carried  exposed  above  the  cellar 
floor.  The  drain,  soil  and  waste  pipes  are  of  heavy  cast-iron  or  else 
of  screw- jointed  wrought-iron  pipe,  and  in  rare  cases  of  brass.  The 
advantages  of  the  screw  joint  over  the  calked  joint  are  the  perma- 
nent tightness,  the  reduction  in  the  number  of  joints,  and  the  greater 
rigidity  of  the  system.  The  connections  between  the  house  sewer 
and  the  vertical  soil  and  waste  lines,  those  with  the  branches  in- 
tended for  the  removal  of  rain  water,  etc.,  and  all  other  junctions  are 
made  with  Y  branches,  for  right-angled  connections  impede  the 
flow  and  create  stoppages.  Cleaning  hand-holes  are  provided  at  all 
traps,  bends  and  jimctions.  All  soil  and  waste  pipes  are  extended 
full  size  through  the  roof,  and  the  outlets  on  the  roof  are  left  open  and 
unobstructed. 

All  fixtures  are  separately  trapped  and  are  concentrated  in  a 
few  groups;  this  concentration  leads  to  more  frequent  use  of  the 
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COMPLICATION" 


A ,  SnU  Pipe 

B.  Biu-k  Air  Pipe 
C  ,  lytM*(d  Ytinl  Plpo 
D,  SteiUH  PiiJO 


Fig.  126.     Modern  Plumbing  System  Showing  Complication  of  Layout. 
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SIMPLICITY 


Fio.  137.     Advanced  Plumbing  System  Elxfaibiting  Simplicity  of  Layout. 
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apparatus,  and  this  in  turn  secures  a  more  thorough  flushing  and 
cleansing,  particularly  where  fixtures  are  arranged  to  act  like  a  flush 
tank.  The  points  enumerated  so  far  are  all  excellent,  and  leave 
scarcely  any  room  for  improvement. 

Since  the  S-traps  are  liable  to  siphonage,  a  second  system  of  pipes, 
called  "back-air  pipes,"  is  carried  parallel  to  the  soil  and  waste  lines, 
and  branches  are  run  from  these  vertical  stacks  to  the  upper  bends 
or  crowns  of  all  fixture  traps  (see  Fig.  1 26) .  Where  there  are  fixtures 
above  one  another  on  several  floors  this  leads  to  a  double  pipe  system 
and  to  a  confusing  network  of  branch  pipes.  Sometimes  a  third 
pipe  system,  of  local  vent  pipes  for  fixtures,  is  used  as  shown  in 
the  illustration,  and  adds  still  further  "complication"  to  the  work. 
The  modern  intricate  pipe  system  of  houses  has  in  this  way  intro- 
duced new  evils  and  new  dangers,  some  of  which  will  be  alluded  to 
further  on. 

Advanced  Plumbing  System. —  The  advanced  system  (c)  of  plumb- 
ing has  up  to  the  present  time  been  installed  in  only  comparatively 
few  cases.  It  is  distinguished  from  the  regular  or  "double  pipe" 
system  chiefly  by  reason  of  its  greater  simplicity  and  compactness 
(see  Fig.  127).  The  principles  of  house  drainage  remain  much  the 
same,  while  the  advance  consists  in  the  simplification  of  the  work, 
in  greater  thoroughness  of  workmanship,  and  in  greater  safety.  I 
have  for  many  years  contended,  and  a  long  experience  has  only 
confirmed  my  views,  that  where  plumbing  fixtures  are  located 
within  a  short  distance  of  a  well-ventilated  soil  or  waste  line,  the 
special  back-air  pipes  can  with  safety  be  dispensed  with,  provided 
non-siphoning  traps  are  used  under  basins,  bath  tubs  and  sinks, 
and  provided  types  of  water-closets  are  used  which  have  a  deep 
waterseal. 

Able  sanitarians  have  at  various  times  explained  the  advantages 
of  the  system  and  demonstrated  that  it  is  safer  and  more  scientific 
than  the  complicated  double-pipe  system.  In  my  own  practice  I 
use  it  by  preference  wherever  I  am  left  untrammeled  by  the  dictates 
of  Building  or  Health  Department  regulations.  Figure  i,  Chapter  I, 
illustrates  a  system  of  house  drainage  based  upon  these  principles. 
The  illustrations, Figs.  213  and  214,  in  Appendix  B,are  also  intended 
to  explain  the  difference  between  the  "  double-pipe "  and  the 
"  single-pipe"  systems. 
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Trap  Ventilation.  —  The  advocates  of  back-airing  claim  that 
separate  vent  pipes  are  necessary  — 

1.  To  prevent  traps  from  being  forced  by  siphonage  or  back 
pressure,  also  to  prevent  the  absorption  of  gases  by  the  water 
seal. 

2.  To  aerate  the  traps  and  every  inch  of  the  branch  waste 
pipe. 

The  first  object  can  be  accomplished  safely  by  methods  which 
are  less  costly  and  less  complicated,  and  the  second  is  attained  at 
each  discharge  of  a  plumbing  fixture  provided  this  is  used  con- 
stantly, and  also  provided  it  is  constructed  so  as  to  be  quick- 
emptying,  and  its  discharge  working  similarly  to  that  of  a  flush 
tank. 

Objections  to  Trap  Venting.  —  Some  of  the  reasons  why  the 
back-airing  of  traps  should  be  given  up  are  as  follows: 

1.  Trap  vent  pipes  increase  the  liability  of  the  seal  of  S-traps 
being  destroyed  by  evaporation.  While  an  unvented  non-siphon- 
ing trap  may  hold  its  seal  for  about  two  months,  a  back-aired 
common  S-trap  loses  it,  according  to  experiments,  in  from  four  to 
twelve  days. 

2.  The  system  of  back-venting  renders  possible  the  making  of 
dangerous  by-passes  by  the  blundering  of  careless  or  incompetent 
mechanics. 

3.  The  use  of  trap  vent  pipes  increases  the  amount  of  piping 
and  the  number  of  pipe  joints  in  a  house,  and  in  this  way  the 
danger  of  leaks  is  greatly  increased.  In  any  case  they  cause  greater 
complication  without  corresponding  greater  security. 

4.  Incidentally,  trap  vent  pipes  increase  the  cost  of  plumbing 
and  the  money  paid  for  them  to  plumbers  is  spent  quite  uselessly. 
A  calculation  undertaken  by  a  careful  investigator  showed  that 
the  amount  of  piping  is  increased  by  33  per  cent  and  the  number 
of  pipe  joints  by  66  per  cent.  The  total  cost  of  a  plumbing  job  is 
increased  by  at  least  10  per  cent  and  often  even  more. 

5.  Back-air  pipes  are  liable  to  stop  up  at  the  crown  or  upper 
bend  of  the  trap  from  congealed  grease  or  other  semi-solid  matter. 
In  Cologne,  Germany,  all  back-air  pipes  which  an  investigating 
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committee  had  cut  open  were  found  choked  with  either  grease  or 
coffee  groimds  or  cobwebs.  In  St.  Paul,  Minn.,  an  examination 
by  a  plumbing  inspector  showed  that  out  of  a  total  of  23  houses, 
12  houses  had  the  vent  pipes  from  kitchen  sink  traps  completely 
stopped  up  by  congealed  grease  and  particles  of  vegetable  matter, 
or  by  lint  from  kitchen  towels.  Of  the  1 1  others,  only  one  house  had 
a  sink  vent  pipe  which  was  perfectly  clear  and  unobstructed,  and 
this  was  found  to  be  due  to  the  fact  that  hot  water  and  lye  were 
used  once  a  month  in  the  pipes.  In  7  out  of  the  11  houses  a  soft 
slimy  substance  was  found  adhering  to  the  interior  of  the  vent  pipes 
for  two  or  three  inches  above  the  crown  of  the  trap,  and  in  the 
other  three  the  vents  were  partially  stopped  up.  The  vent  from 
the  S-trap  under  the  kitchen  sink  in  my  own  house  has  been  found 
partially  stopped  up  five  times  in  ten  years,  and  would  doubtless 
have  become  entirely  stopped  up  before  the  end  of  this  period  if  I 
did  not  have  it  cleaned  once  a  year.  In  northern  latitudes,  where 
soil  and  vent  pipes  above  the  roof  may  become  closed  by  frost, 
traps  will  readily  be  siphoned  under  such  conditions. 

6.  The  trap  vent  pipe,  if  placed  much  below  the  trap  seal,  does 
not  protect  the  pipe  against  self-siphonage  or  loss  of  seal  by  mo- 
mentum. This  is  a  point  to  which  very  little  attention  has  been 
paid. 

7.  Non-siphoning  traps  with  more  than  the  ordinary  depth  of 
seal  are  particularly  desirable  where  the  mouth  of  the  soil  pipe 
and  through  it  the  seal  of  traps  is  exposed  to  the  action  of  bois- 
terous winds,  as  for  instance  near  the  top  of  buildings,  the  winds 
causing  an  agitation  in  the  trap  water  by  which  the  ordinary  S-trap 
loses  its  seal  by  degrees. 

Mr.  Putman,  a  well-known  architect  of  Boston,  who  has  given  a 
great  deal  of  attention  to  sanitary  drainage,  calls  the  trap-vent  law 
"one  of  the  most  unfortunate  and  burdensome  building  laws  ever 
inflicted  upon  the  people,  and  an  imposition  upon  the  public." 

The  late  Colonel  Waring  stated  that  in  his  judgment  "the  sepa- 
rate ventilation  of  traps,  where  the  main  soil  pipe  is  at  least  four 
inches  in  diameter,  and  open  at  the  top  and  bottom,  is  unneces- 
sary. .  .  .  Continued  experience  and  observation  tend  more  and 
more  to  confirm  the  opinion  that  the  back-venting  of  traps,  aside 
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from  its  great  cost,  does  more  harm  than  good,  that  is  to  say,  that 
a  trap  is  more  likely  to  lose  its  seal  if  it  is  back-vented  than  if  it 
is  not." 

An  English  expert  on  drainage  called  "a  diagram  of  house 
plumbing,  protected  by  ventilation  pipes  as  prescribed  by  most 
American  authorities,  a  bewildering  nightmare  of  complicated 
ingenuity"  (see  Fig.  126),  to  which  statement  many  advanced 
sanitarians  will  doubtless  heartily  assent. 

The  fact  is,  S-traps  with  vents  are  perfectly  safe  only  if  the  vent 
pipes  are  of  sufficient  area,  if  they  are  not  of  too  great  length,  if 
there  are  no  sudden  bends,  and  not  too  many  of  them,  if  they  are 
free  and  unobstructed  and  if  their  fixtures  are  used  every  day. 
The  conclusion  is  therefore  inevitable  that,  as  ordinarily  arranged, 
vent  pipes  are  "useless  complications." 

Comparison  of  Methods. — A  comparison  between  the  two  methods 
may  be  found  in  Chapter  XII  of  my  book  "  Sanitary  Engineering 
of  Buildings "  N.  Y.  1899.  In  my  judgment  the  improved  and 
simplified  system  shown  in  Fig.  127  and  also  in  Fig.  214,  Appen- 
dix B,  is  far  superior  to  the  one  commonly  required  by  rules 
and  regulations.  It  is  admitted  by  many  who  have  taken  up  this 
question  without  prejudice  or  bias  that  the  present  tendency  in 
plumbing  work  is  towards  an  undue  complication  of  the  work.  It 
would  seem  to  me,  therefore,  that  the  points  of  superiority  of  the 
simpler  systems  should  be  emphasized  at  all  proper  opportunities 
and  that  a  plea  should  be  made  for  the  revision  of  municipal 
plumbing  regulations. 

To  the  health  officers  of  those  towns  or  cities  which  are  about  to 
make  plumbing  regulations  I  suggest  that  the  better  way  would  be 
to  make  it  optional  with  the  architect  or  owner  of  a  building 
whether  he  will  choose  the  common  or  regular  system  with  double 
piping  and  incur  an  unnecessary  expense,  or  use  the  advanced, 
improved,  simplified  and  safer  method. 

One-pipe  System  and  Non-siphoning  Traps.  —  I  am  more  than 
ever  convinced  that  the  one-pipe  system/as  I  have  sometimes  called 
it,  is  the  coming  system  and  that  within  the  next  few  years  the  rules 
and  regulations  of  our  larger  cities  will  be  amended  accordingly. 
In  my  judgment  a  plumbing  regulation  requiring  the  use  of  traps 
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with  anti-siphoning  properties  and  with  a  considerable  depth  of  seal 
would  tend  to  secure  much  safer  and  better  work  than  the  majority 
of  the  present  rules.  For  houses  in  smaller  cities  and  in  thriving 
rural  communities  I  can,  without  the  slightest  hesitation,  advise  the 
adoption  of  the  advanced  plumbing  system  on  account  of  its  greater 
simplicity,  safety  and  economy. 

The  following  personal  experience  is  here  inserted  as  a  ca^e  in 
point. 

Experiences  of  an  Expert.  —  Some  years  ago  the  writer .  was  called 
upon  to  prepare  the  plumbing  plans  and  specifications  for  a  new  house 
which  a  client  was  erecting  in  the  suburbs  of  New  York.  It  was  the 
intention  of  the  owner  to  secure  first-class  work  in  every  respect,  and  the 
plumbing  was  laid  out  with  this  object  in  view.  The  writer  had  full 
charge  of  the  work  during  its  construction  an4  superintended  it  from  the 
start  to  the  finish. 

He  entertained  the  conviction,  even  at  that  early  period,  that  the 
"back -airing"  of  traps  was  an  unnecessary  requirement  and  that  the 
plumbing  system  of  a  house  could  be  arranged  in  a  much  safer,  less 
complicated  and  incidentally  less  expensive  manner,  by  omitting  the 
back -airing  from  the  crown  of  the  traps  and  using  instead  non -siphoning 
traps;  by  placing  all  the  fixtures  within  a  short  distance  of  a  fully  ven- 
tilated main  soil  pipe,  and  by  using  in  the  case  of  water-closets  fixtures 
of  such  type  as  to  hold  a  large  depth  of  seal. 

Some  years  later  the  owner  desired  to  make  an  addition  to  his  plumb- 
ing work  by  installing  a  new  bath  room  on  the  third  floor.  When 
the  house  was  erected  the  town  had  no  plumbing  regulations,  and  it 
was  then  a  matter  of  much  satisfaction  to  the  writer  to  be  able  to  carry 
out  what  he  considered  then,  and  has  considered  ever  since,  an  advanced 
system  of  plumbing.  Conditions  had  somewhat  changed  since  then. 
The  town,  which  is  situated  in  New  Jersey,  at  a  distance  less  than  fifty 
miles  from  the  New  York  City  Hall,  had  become  a  city;  a  Board  of 
Health  had  been  created,  and  among  the  duties  of  the  board  was  the 
inspection  of  all  new  plumbing  as  well  as  of  additions  to  existing  systems. 
The  newly  created  city  issued  a  set  of  plumbing  regulations  modeled 
largdy  after  those  of  New  York,  and  the  rules  of  the  board  required  the 
filing  of  plans  and  the  approval  of  the  work,  as  shown  on  them,  before 
it  could  be  carried  out. 

The  work  for  the  new  bath  room  was  duly  let  to  a  responsible  New 
York  plumber,  and  the  writer,  fully  desirous  of  complying  with  the 
regulations^  sent  a  set  of  plans  showing  the  addition  to  the  plumbing 
work  lo  be  filed  at  the  office  of  the  Board  of  Health.  Right  here  is 
where  he  met  his  first  experience.     He  sent  his  assistant  out  on  the  train, 
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and  when  he  came  to  the  city  he  inquired  for  the  oflSce  df  the  Board  of 
Health  to  file  these  plans.  He  was  told  that  there  was  no  office  at  which 
plans  could  be  filed,  and  that  he  would  have  to  leave  them  either  at  the 
house  of  the  secretary  of  the  Board  of  Health  (a  veterinary  surgeon)  or 
else  at  the  house  of  the  plumbing  inspector,  who  was  a  journeyman 
plumber,  employed  during  the  day  by  some  local  plumbing  firm.  After 
fruitless  efforts  to  find  either  one  of  the  parties  named,  the  assistant 
returned  to  the  city  with  the  plans  which  he  had  been  unable  to  file. 
A  second  effort  made  personally  by  the  writer  proved  almost  as  futile. 
Renewed  search  in  the  City  Hall  of  said  city  failed  to  find  any  office 
where  plumbing  plans  could  be  filed.  A  call  on  the  president  of  the 
Board  of  Health  secured  the  information  that  the  plans  would  have  to 
be  filed  at  the  secretary's  office.  An  inquiry  at  said  office  showed  that 
the  secretary  was  ten  miles  away  attending  to  a  sick  horse. 

The  plumbing  regulations  of  the  new  city  required  either  the  back- 
airing  of  the  traps  or  the  substitution  of  some  approved  mechanical 
device  for  the  prevention  of  siphonage. 

In  Fig.  128  is  shown  the  old  work  in  the  bath  room  on  the  second 
floor,  which  consisted  of  a  Dececo  water-closet  with  deep  seal  and  with 
un vented  trap;  of  a  bath  tub  with  a  non-siphoning  trap  and  of  a  slop- 
sink  with  an  ordinary  S-trap,  which  had  a  vent  which  entered  the  soil 
pipe  above  the  then  highest  fixture  on  the  second  floor. 

In  Fig.  129  the  proposed  new  fixtures  on  the  third  floor  are  shown 
without  vent  pipes,  it  being  the  intention  to  use  a  siphon-jet  closet  near 
the  soil  pipes,  and  non-siphoning  "Hydric"  traps  under  the  bath  tub 
and  wash  basin,  each  of  which  was  within  four  feet  of  a  vented  soil-pipe 
line.  Special  application  was  made  to  the  Board  of  Health  to  permit, 
in  accordance  with  their  rules,  the  use  of  the  McClellan  anti-siphon 
vent  attachment  to  render  the  trap  of  the  slop-sink  safe  against  siphonage 
by  discharge  from  the  new  fixtures  on  the  third  floor. 

The  application  to  pass  the  work  as  proposed  was  denied,  although  no 
reasons  whatever  were  given  for  the  denial.  The  Board  of  Health  and 
its  plumbing 'inspector  insisted  upon  a  two-inch  vent  pipe  being  carried 
up  from  the  slop-sink  to  the  third  floor  and  above  the  highest  fixture, 
to  terminate  in  the  soil  pipe.  The  application  for  the  use  of  non-siphon- 
ing traps  on  the  wash  basin  and  bath  tub  on  the  third  floor  was  also  denied, 
but  the  omission  of  the  back -air  pipe  on  the  third-floor  water-closet  was 
granted. 

The  entire  work  was,  therefore,  carried  out  as  per  Fig.  130.  When 
the  work  was  well  under  way,  the  plumbing  inspector  of  said  city  in- 
formed the  contractor  doing  the  work  that  he  would  require  a  second 
vent  pipe  to  be  carried  up  to  back-air  the  old  Dececo  water-closet  on  the 
second  floor.  This  would  have  required  a  very  expensive  alteration  to 
the  owner,  inasmuch  as  the  bath-room  floor  was  tiled,  and  would  have  to 
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Fig.  128.     Section  of  House  Showing  Original  Armngement  of  Plumbing. 


PLUMBING   OF  MODERN   CITY   BUILDINGS. 


191 


First  Floor 


Fig.  129.     Section  of  House  Showing  Arrangement  of  Plumbing  as  Proposed 
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First  Floor 


Fig.  130.  Section  of  House  Showing  Arrangement  of  Plumbing  as  Carried  Out. 
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be  cut  in  order  to  apply  a  vent  pipe  at  the  lead  bend  of  said  closet.  The 
writer  could  not  see  any  necessity  whatever  for  such  a  proceeding,  and 
this  for  a  great  many  reasons,  of  which  only  two  will  be  stated,  namely: 

First.  The  two-inch  vent  pipe  applied  to  the  slop-sink  on  the  second 
floor,  as  a  matter  of  fact,  also  vented  the  Dececo  water-closet  trap. 

Second.  Not  even  in  cities  where  the  most  rigid  plumbing  laws  are 
carried  out  can  a  law  be  made  retroactive  so  as  to  apply  to  work 
done  many  years  ago,  and  particularly  not  so  when  said  work  has  proved 
to  be  of  the  most  efficient  and  safest  character. 

The  writer  therefore  instructed  the  contractor  to  disregard  the  require- 
ments of  the  plumbing  inspector  and  not  to  touch  the  second-floor  water- 
closet  fixture.  This,  however,  was  not  satisfactory  to  the  Board  of 
Health  and  its  inspector,  and  it  was  suggested  by  them  to  the  writer  that 
an  amicable  settlement  of  the  difficulty  might  be  arrived  at  ^y  submitting 
the  question  to  a  third  party.  They  named  an  inspector  of  a  neighbor- 
ing city  where  back-airing  was  carried  out  the  same  as  in  New  York 
and  Boston.  Naturally  the  writer  objected  to  such  a  choice  of  the 
third  party  as  arbiter  in  this  question,  one  of  the  reasons  given  being  that 
the  man  proposed  was  not  an  acknowledged  expert  or  authority  in  these 
matters,  however  good  and  efficient  a  plumbing  inspector  he  might  be. 
Instead  the  writer  suggested  that  he  would  be  willing  to  have  the  ques- 
tion at  issue  arbitrated  by  either  Mr.  J.  P.  Putman  or  Mr. William  Atkin- 
son, or  by  members  of  the  firm  of  Waring,  Chapman  &  Farquhar,  or 
by  plumbing  inspectors  of  a  small  town  where  the  plumbing  rules  had' 
been  framed  so  as  to  permit  the  use  of  non-siphoning  traps  in  certain 
cases  where  back -airing  seemed  to  be  absolutely  unnecessary. 

This  counter-proposition  of  the  writer,  as  might  have  been  expected, 
was  also  not  accepted,  but  a  joint  meeting  was  held  at  the  house  in  ques- 
tion. It  so  happened  that  on  the  opposite  side  of  the  house  from  where 
the  plumbing  alteration  was  being  executed  there  were  two  bath  rooms, 
one  on  the  second  and  one  on  the  third  floor,  both  arranged  with  non- 
siphoning  traps  and  the  use  of  deep-seal  water-closets.  After  thor- 
oughly discussing  the  question  of  back-airing,  the  members  of  the 
Board  of  Health  and  the  plumbing  inspector  were  invited  to  watch  the 
seal  of  the  second -floor  water-closet  while  the  third-floor  water-closet 
was  discharged  together  with  an  adjoining  bath  tub.  To  the  utter 
astonishment  of  the  gentlemen  the  trap  seal  on  the  second-floor  water- 
closet  did  not  move  at  all,  proving  absolutely  that  the  danger  from 
siphonage  was  only  fancied  and  imaginary  and  not  at  all  actually  present. 

Fortunately  for  the  owner,  this  settled  the  question  first  raised,  whether 
the  second-floor  water-closet  on  the  opposite  side  of  the  house  should 
have  the  additional  vent  pipe.  The  Board  of  Health  and  its  plumbing 
inspector  receded  from  their  position,  and  when  the  work  was  actually 
completed  the  writer  made  tests  on  that  side  of  the  house,  and  found  that 
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a  repeated  discharge  of  the  new  water-closet  on  the  third  floor  and  the. 
adjoining  bath  tub  did  not  produce  any  siphonage  in  the  second-floor 
water-closet,  even  under  the  most  adverse  condition,  namely,  the  soil-pipe 
mouth  on  the  roof  kept  dosed  during  the  test. 

The  lesson  of  this  case  is  obvious:  it  proves  beyond  a  doubt  that  a 
good  deal  of  the  back-airing  required  by  plumbing  inspectors,  by  Boards 
of  Health  or  by  Building  Departments  is  entirely  unnecessary  and  a 
heavy  drain  on  the  pocketbook  of  house  owners. 


CHAPTER  IV. 

PLUMBING  IN  ITS  RELATION  TO  DISEASE  AND  MUNICIPAL 
CONTROL  OF  PLUMBING. 

Dangers  of  Defective  Plumbing. —  The  professional  and  trade 
papers  of  the  last  twenty  years  have  been  so  filled  with  accounts  of 
the  dangers  of  defective  plumbing,  the  daily  press  has  so  many  times 
called  attention  to  the  "deadly  effects  of  sewer  gas"  and  the  cry 
has  been  so  often  raised,  "Look  to  your  drains,"  that  we  have  become 
accustomed  to  think  of  the  plumbing  and  drainage  of  houses  as  being 
the  chief  causes  of  many  of  the  grave  ills  to  which  human  beings 
are  subject. 

Recent  Progress  in  General  Sanitation. —  Careful  observers, 
however,  know  that  a  great  many  other  conditions  affect  the  well- 
or  ill-being  of  the  human  race.  While  it  is  doubtless  true  that  a 
lower  death  rate  may  in  some  cases  follow  after  improvements 
in  the  drainage  and  plumbing  of  habitations,  it  is  impossible  to  tell 
just  how  much  of  it  is  actually  and  solely  due  to  higher  standards 
in  plumbing,  for  there  have  been  in  the  past  fifty  years  an  enormous 
advance  and  a  steady  progress  in  the  general  sanitation  of  towns 
and  dwellings.  This  progress  was  slow  at  first,  but  it  has  been 
constantly  going  on,  so  that  to-day  the  effects  of  improved  sanitation 
are  felt  in  every  section  of  our  country.  Modem  sanitation,  however, 
comprises  much  more  than  merely  correct  plumbing  methods 
and  efficient  sewerage,  for  it  includes  also  a  better  and  purer  water 
supply,  more  efficient  ventilation,  better  conditions  of  foods  and 
clothing,  cleaner  streets,  improved  methods  of  housing  our  popula- 
tions, increased  public  bathing  facilities  for  the  poorer  classes, 
sanitation  in  school  buildings  and  other  public  institutions,  and 
many  other  factors. 

Causes  of  Preventable  Diseases. — It  is  conceded  that  criminally 
defective  house  sewerage  and  plumbing  work  have,  in  some  instances, 
been  found  to  exist  where  cases  of  zymotic  disease  occurred,  yet 
the  writer  has  encountered  in  his  professional  practice  a  nimiber  of 
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cases  where  such  ilhiess  was  proven  beyond  a  doubt  to  have  been 
caused  by  other  factors.  Some  of  these  cases  occurred  where 
the  plumbing  and  drainage  upon  inspection  were  foimd  to  be 
entirely  in  a  safe  condition;  in  other  cases,  though  the  inspection 
or  the  test  did  show  some  defects,  the  outbreak  of  an  epidemic 
could  be  traced  conclusively  to  other  causes.  By  personal  observa- 
tions I  have  thus  slowly  and  by  degrees  only  acquired  the  conviction 
that  a  great  deal  of  the  sensational  writing  or  talking  on  defective 
plumbing  or  drainage  is  ill-advised,  indeed  that  it  is  apt  to  mis- 
lead the  layman  and  the  general  public.  In  my  judgment  a  great 
deal  of  harm  has  been  done  in  the  past  by  unsubstantiated  reports 
on  the  alleged  eflfects  of  bad  drainage  or  bad  plumbing. 

Sewer  Gas  Tbeoiy  not  Upheld  by  Sanitarians.  — If  space  per- 
mitted, I  would  quote  at  length  the  opinions  and  views  of  some 
of  the  best  medical  observers  of  Germany  and  other  countries, 
whose  conclusion  is  that  there  is  no  positive  proof  of  any  direct 
connection  between  bad  drainage  or  bad  plumbing  and  diseases  such 
as  diphtheria,  cholera,  etc.  From  a  mass  of  professional  testimony 
on  record  I  shall  quote  only  a  few  important  points. 

The  modern  German  sanitarians  are  nearly  united  in'  being 
opposed  to  the  so-called. "sewer-gas  theory";  they  claim  that  the 
researches  of  von  Pettenkofer,  of  Pasteur,  of  Dr.  Koch  and  others 
have  established  almost  beyond  a  doubt  the  fact  that  every  infectious 
or  zymotic  disease  requires  the  presence  of  a  specific  micro-organism 
or  pathogenic  bacterium  to  cause  it,  and  that  the  gases  of  putre- 
faction per  se  cannot  cause  the  disease.  Moreover,  it  is  claimed 
that  pathogenic  bacteria,  cast  off  from  diseased  persons  (either 
with  the  faeces,  urine,  the  sputa  or  skin  particles  in  ablutions)  do 
not  find  in  the  house  drains  and  street  sewers  conditions  favorable 
to  their  growth.  As  a  rule,  owing  to  absence  of  oxygen,  or  owing  to 
the  existence  of  non-pathogenic  bacteria  the  germs  of  disease  are 
crowded  out,  as  it  were,  and  die,  while  the  few  which  may  survive 
are  said  to  lose  their  power  for  harm.  In  the  sewers  they  attach 
themselves  to  the  damp  sides  of  their  interior  and  rise  but  seldom, 
or  not  all  at,  into  the  air.  This  may  also  be  an  explanation  why 
the  bacteriological  examinations  of  the  air  of  sewers  show  that  it 
contains  comparatively  few  bacteria.  German  sanitarians  accord- 
ingly argue  that  sewer  air  per  se  does  not  cause  specific  diseases. 
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This  view  about  the  harmlessness  of  sewer  air  has  been  held 
abroad  for  some  years,  and  I  have  myself  inclined  to  it  for  some 
time,  and  it  has  quite  recently  been  confirmed  by  the  results  of 
experiments  made  by  Prof.  C.-E.  A.  Winslow,  of  the  Massachu- 
setts Institute  of  Technology,  in  Boston. 

Prof.  A.  Jacobi,  a  very  high  authority  of  New  York  City,  in  a 
paper  on  "  The  Production  of  Diseases  by  Sewer  Air,"  comes  to 
the  conclusion  that  "  foul  air  and  sewer  gas  do  not  create  diphtheria, 
but  they  do  create  such  a  condition  of  general  ill-health  as  to  aflFord 
the  diphtheritic  virus  a  ready  resting-place."  He  argues  that 
"there  is  no  connection  (in  New  York  City)  between  diphtheria 
and  sewer  air  in  any  shape  or  form,"  and  cites  the  experience  of  the 
New  York  Health  Department  that  "both  diphtheria  and  typhoid 
have  occurred  where  plumbing  was  perfect,  and  were  often  not 
found  where  it  was  defective." 

On  the  other  hand,  I  have  always  held  the  view,  and  believe 
now,  that  no*  matter  whether  any  connection  between  bad  drainage 
and  disease  exists  or  not,  it  is  absolutely  essential  that  the  drainage 
and  plumbing  work  of  habitations  should  be  correctly  arranged. 
If  there  is  one  method  of  doing  a  thing  right  and  another  one  by 
which  it  is  done  less  well,  the  right  method  only  should  be  chosen. 

Why  Drainage  and  Plumbing  should  be  Correctly  Arranged. — 
We  require  correctly  planned  drainage  and  plumbing  arrange- 
ments for  several  important  reasons,  viz. :  we  must  prevent  the  air 
of  soil  pipes  and  drains  from  becoming  putrid;  we  must  also  pre- 
vent any  escape  of  noxious  air  into  the  interior  of  a  house;  all 
foul  smells  are  unpleasant  and  if  inhaled  for  any  length  of  time 
they  may  have  a  deteriorating  influence  upon  health.  Accumula- 
tions or  escapes  of  foul  gases  cause  general  sickness,  various  ailments, 
or  sore  throats;  they  also  reduce  vitality  and  predispose  to  sickness 
and  so  assist  indirectly  in  the  dissemination  of  diseases. 

The  air  of  modern  street  sewers  is  always  much  diluted,  and  even 
the  house  pipes  are  nowadays  so  well  ventilated  that  no  great 
accumulation  of  gases  can  exist  in  them.  Therefore  the  danger 
becomes  very  much  reduced  where  good  planning,  construction 
and  maintenance  of  street  sewers  and  house  drains  are  enforced. 
By  following  the  essential  requirements  of  good  drainage,  viz., 
good  construction,  ventilation,  flushing,  tightness  of  joints,  safe 
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trapping,  etc.,  we:  diminish  greatly  the  chance  of  any  harm  arising 
from  sewer  air. 

Plumbing  Rules  and  Regulations. —  In  the  past,  correct  principles 
of  house  drainage  have  not  often  been  followed,  and  even  twenty- 
five  years  ago  the  plumbing  in  houses  was  done  in  so  crude  and 
unscientific  a  maimer  that  it  became  necessary  to  subject  this  work 
'  of  the  craftsman  to  official  rules,  regulations  or  ordinances  and  to  the 
inspection  of  special  municipal  ofl&cers  called  plumbing  inspectors. 

Municipal  Inspection  of  Plumbing. —  In  the  United  States  the 
municipal  inspection  of  plumbing  work  was  instituted  about  the 
year  1881,  and  among  the  first  large  cities  to  have  an  official  in- 
spection system  were  Washington,  New  York  and  Boston.  There  are 
now  a  great  many  other  cities,  large  as  well  as  small,  which  have 
followed  in  this  matter.  In  all  instances  the  plumbing  rules  were 
made  a  part  of  the  health  ordinances,  and  out  of  the  various  municipal 
departments  it  was  the  Department  of  Health  which  was  intrusted 
with  the  carrying  out  of  these  rules  and  with  the  inspection  of  all 
new  plumbing  work.  Later  on,  in  some  of  these  cities,  notably 
in  New  York  and  Brooklyn,  and  I  believe  also  in  Boston,  the 
plumbing  inspection  was  transferred  from  the  Health  to  the  Building 
Department. 

Should  the  Health  or  the  Building  Department  Control  the  Plumb- 
ing and  Drainage? — The  question  here  arises:  To  which  of  the 
municipal  departments  should  this  subject  be  assigned?  One  of 
the  reasons  why  in  New  York  City  the  filing  of  plumbing  plans 
and  specifications  and  the  plumbing  inspection  were  transferred 
from  the  Health  to  the  Building  Department  was  that,  inasmuch 
as  the  Building  Department  had  control  over  the  erection  of  buildings, 
it  should  also  have  control  over  the  plumbing  work  in  them;  that, 
inasmuch  as  the  architects  or  builders  had  to  file  plans  for  con- 
struction, their  work  would  be  simplified  and  the  labor  of  the 
municipal  officers  reduced  if  the  system  of  plumbing  was  shown 
on  the  construction  plans. 

This  argument,  however,  soon  proved  itself  to  be  fallacious, 
for  in  practice  one  plan,  to  cover  not  only  all  the  points  of  construc- 
tion but  also  the  plumbing,  proved  to  be  so  complicated  as  to  be  a 
greater  burden  to  the  examining  inspector,  as  well  as  a  source  of 
naore  trouble  to  the  architect  who  had  to  prepare  it. 
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There  seems  to  me  to  be  no  more  reason  for  placing  the  plumbing 
of  a  building  imder  control  of  a  Building  Department  than  to  sub- 
ject other  matters  of  interior  construction  to  such  a  control,  for 
instance,  the  steam  and  ventilating  work,  the  gas-piping  and  the 
electric -wiring  work.  If  defective  plumbing  work  may  cause  ill- 
health  or  disease,*then  it  would  seem  to  me  that  the  Department 
of  Health  is  the  proper  body  under  whose  control  this  subject  should 
be  placed. 

Plumbing  under  Jurisdiction  of  the  Health  Department. —  It  is 
therefore  my  judgment  that  wherever  cities  or  towns  adopt  a  system 
of  official  plumbing  inspection  —  and  I  am  a  firm  believer  in  the 
advantages  derivable  from  such  a  system  —  it  should  be  the  Health, 
and  not  the  Building,  Department  under  whose  control  the  plumb- 
ing and  drainage  should  be;  but  if  for  some  reason  or  other  this 
cannot  be  done,  then  I  should  be  in  favor  of  placing  the  plumb- 
ing and  drainage  of  houses  under  the  control  either  of  the  city 
engineer  in  small  towns,  or  of  the  Municipal  Department  in 
charge  of  the  construction  or  maintenance  of  the  city  sewerage 
system. 

Dr.  Charles  V.  Chapin,  Superintendent  of  Health  of  Providence, 
R.  I.,  in  his  book  "Municipal  Sanitation  in  the  United  States," 
gives  the  following  list  of  cities,  in  which  plumbing  is  controlled  by 
municipal  departments  other  than  the  Board  of  Health. 

In  New  York  City, Department  of  Buildings. 

In  Boston, Department  of  Buildings. 

In  Milwaukee, City  Engineer's  Department. 

In  Cambridge, Superintendent  cJf  Buildings. 

In  Cincinnati, Inspector  of  Buildings. 

In  St.  Louis, Board  of  Public  Improvements. 

In  Somerville,  Mass., Inspector  of  Buildings. 

In  Butte,  Mont., Inspector  of  Buildings. 

In  Newton,  Mass., Inspector  of  Buildings. 

In  New  London,   Board  of  Sewer  Commissioners. 

In  Erie,  Pa., Water  Department. 

In  Providence,  R.  I.,   Independent  Department, 

In  Omaha, Independent  Department. 

In  Pawtucket, Independent  Department. 

In  Memphis, Independent  Department. 

In  Columbus,  O., Department  of  Public  Improvements. 

In  Minneapolis.  Minn., Building  Department. 
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Bureaus  of  Plumbing  Inspection.  — Let  us  assume,  then,  that  it 
is  agreed  that  the  official  inspection  of  plumbing  and  drainage  of 
buildings  is  desirable  in  order  to  prevent  bad  work  and  its  possible 
ill  results,  and  let  us  take  it  for  granted,  further,  that  it  should  be 
placed  under  the  supervision  of  the  officials  of  the  Health  Depart- 
ment. When  such  department  deems  it  necessary  or  desirable  to 
have  official  plumbing  regulations,  it  should  proceed  on  a  business 
basis,  it  should  establish  a  regular  office  or  bureau  of  plumbing 
and  should  place  it  in  charge  of  salaried  officials.  If,  for  any  reason, 
the  municipal  budget  should  be  unable  to  make  the  proper  and 
necessary  allowance  for  the  employment  of  examining  clerks  and 
plumbing  inspectors,  then  it  would  be  better  not  to  have  any 
system  of  municipal  inspection. 

I  know  of  a  large  city  of  about  100,000  inhabitants,  not  many  miles  from 
New  York,  which  has  a  plumbing  department  and  also  plumbing  inspection, 
and  the  two  duly  appointed  plumbing  inspectors  are  both  master  plumbers 
doing  a  thriving  business  in  their  town,  and  the  plumbing  work  which  Mr. 
Brown  does  isoffidally  inspected  and  his  plans  approved  by  his  colleague  Mr. 
Smith,  and  vice  versa.  That  would  hardly  seem  to  be  a  fair  method  of  secur- 
ing good  results,  particularly  if  Mr.  Brown  and  Mr  Smith  happen  to  be  on 
good  terms  and  intent  upon  keeping  all  outsiders  away.  In  another  subur- 
ban community  in  the  State  of  New  Jersey  which  recently  became  incorpor- 
ated as  a  city,  the  Board  of  Health  issued  plumbing  rules  and  required  the 
filing  of  plumbing  plans,  but  no  office  was  provided  for  to  receive  such  plans, 
and  the  plimibing  inspector  was  a  journeyman  plumber,  occupied  during 
most  of  his  time  on  work  of  some  local  firm. 

Plumbing  Inspectors. —  All  health  officers  in  charge  of  plumbing 
regulations  or  plumbing  inspections  should  have  a  thorough  practical 
knowledge  of  the  subject.  The  pltmibing  inspectors  appointed  by 
them  and  working  under  their  direction  should  be  well  qualified 
for  their  position:  they  should  be  required  to  prove  their  qualifica- 
tion by  an  examination  in  sanitary  science^  and  also  show  their 
fitness  for  the  practical  part  of  the  work.  Fitness  for  the  discharge 
of  the  duties  of  the  office  should  be  the  only  guide  in  such  appoint- 
ments and  not  political  motives  or  "  pull,"  or  the  affiliation  of  such 
persons  with  the  ruling  political  power  or  party.  The  inspectors 
should  be  subject  to  civil-service  examination  and  civil-service  rules, 
and   their   appointment   should   continue  during  good  behavior. 
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They  should  not  be  subject  to  removal  when  another  political 
party  comes  into  power. 

I  freely  confess  that  I  have  never  been  in  sympathy  with  the  idea,  which 
unfortunately  seems  to  be  the  ruling  one  in  many  cities  of  the  United  States, 
that  "to  the  victors  belong  the  spoils. *'  If  any  good  to  the  public,  to  the  tax- 
payers, to  the  house  builders,  is  to  come  from  an  oflfidal  pliunbing  inspection, 
I  hold  that  it  is  absolutely  "immaterial  and  irrelevant"  whether  the  inspector 
of  plumbing  is  a  republican,  a  democrat,  or  possibly  a  "  mugwimip."  As  some 
one  has  truly  said,  "Degrading  political  influences  should  never  be  permitted 
to  impair  the  efficiency  of  a  well-organized  Health  Department. " 

Plumbing  Regulations. —  During  the  past  ten  years  I  have  col- 
lected and  filed  a  large  number  of  official  pltmibing  rules  and 
regulations  from  cities  and  towns  in  all  parts  of  the  country,  and 
I  had  many  opportunities  of  examining  these  very  closely.  I  have 
also  in  a  great  many  cases  been  professionally  consulted  as  to  the 
best  rules  to  adopt,  and  I  have  advised  many  public  officials  on  the 
different  sections  composing  such  plumbing  rules. 

It  has  been  my  experience  that  some  of  the  best  rules  came 
from  the  smaller  towns.  Their  rules  had  been  drawn  up  carefully 
after  a  good  deal  of  study  and  consultation,  either  by  practical 
men  in  the  trade,  or  by  municipal  engineers  who  had  made  a  special 
study  of  plumbing  and  drainage.  I  find  that  in  a  great  many  other 
cases  the  plumbing  rules  and  regulations  of  cities  have  been  copied 
almost  entirely  from  the  existing  rules  of  the  larger  cities  like  New 
York  or  Boston,  and  in  this  way  some  serious  errors  and  imperfec- 
tions in  these  rules  have  time  and  again  been  copied  and  perpetuated. 

Plumbing  rules  should  be  as  concise,  comprehensive  and  brief 
as  possible.  Each  section  should  be  definite  and  should  not  leave 
room  for  doubt  as  to  what  its  intention  is.  It  would  seem  to  me 
that  in  the  case  of  the  smaller  towns  a  simple  and  comprehensive 
set  of  rules  drawn  up  from  original  investigation  would  answer 
a  great  deal  better  than  the  very  extensive  and  long  rules  of  some 
of  our  metropolitan  cities. 

Whatever  the  rules  on  plumbing  issued  by  the  Health  Depart- 
ment may  be,  it  seems  to  me  that  they  should  be  so  framed  as  not 
to  allow  of  arbitrary  interpretation  on  the  part  of  the  plumbing 
inspectors,  as  is  so  frequently  the  case. 
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Defects  in  Plumbing  Regulations. —  I  have  already  had  occasion 
to  state  that,  in  my  judgment,  even  the  most  elaborate  of  plumbing 
rules  are  open  to  criticism  in  many  respects.  It  seems  appropriate 
to  point  out  in  this  chapter  at  least  a  few  of  the  rules  which,  to  my 
way  of  thinking,  contain  disputed  matters. 

Main  House  Trap. —  There  is,  first,  the  question  whether  or  not 
the  main  house  sewer  should  have  a  trap  near  the  front  wall  of  the 
house.  It  must  be  conceded  that  where  the  house  pipes  are  known 
to  be  absolutely  tight  and  are  provided  with  plenty  of  ventilation 
to  the  roof,  it  would  be  better  to  omit  the  trap.  This  secures  at 
least  two  advantages,  namely,-  it  does  away  with  the  tendency  to 
stoppage  in  the  trap  and  it  also  offers  the  best  possible  solution 
of  the  difficult  problem  of  how  to  ventilate  the  street  sewer.  It 
is  of  course  necessary  that  the  latter  should  be  well  planned,  well 
constructed,  well  flushed  and  well  cared  for. 

When  a  trap  is  used  on  a  house  sewer  —  and  it  does  seem  to  be 
necessary  in  the  case  of  foul  street  sewers  or  in  the  case  of  connec- 
tions with  cesspools  —  it  becomes  necessary  to  provide  a  fresh- 
air  pipe,  which  should  enter  the  house  sewer  above  the  main  trap 
and  which  is  intended  to  establish  a  circulation  of  air  throughout 
the  entire  house  pipe  system.  The  difficulty  with  the  fresh-air 
inlet  lies  in  choosing  a  proper  location  for  it.  This  difficulty  exists 
only  in  cases  of  city  buildings,  for  in  country  towns  and  villages, 
and  for  isolated  country  houses,  it  is  comparatively  easy  to  select 
and  provide  a  secluded  place  for  the  fresh-air  inlet  at  a  sufficient 
distance  from  the  house.  In  our  cities  we  have  for  years  been 
struggling  with  a  sort  of  brick  pit  or  basin  placed  near  the  curb, 
covered  with  grating  in  which  the  fresh-air  pipe  terminated  (see 
Fig.  200,  Chapter  I).  Practical  experience  demonstrated  the  utter 
failure  of  this  device,  and  we  have  by  no  means  found  an  efficient  sub- 
stitute for  it.  In  New  York  City,  for  instance,  every  house  owner, 
who  builds  or  alters  a  house,  was  for  some  time  compelled  by  the 
Building  Department  to  use  a  new  patented  device  which  was  not 
only  very  expensive  but  quite  worthless. 

Types  of  Water-closets  Approved. —  Regarding  the  types  of 
water-closets  which  are  permissible  in  buildings,  I  am  by  no  means 
in  entire  accord  with  the  plumbing  regulations  of  most  cities.  In 
New  York,  for  instance,  enameled  iron  water-closets  are  absolutely 
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prohibited  by  the  rules,  and  yet  I  cannot  imagine  of  anything  better, 
stronger  or  more  adapted  for  factories,  stables,  railroad  stations, 
schools,  insane  asylums,  etc.,  than  a  good,  well-made  iron  flushing- 
rim  or  siphon-jet  closet,  in  which  the  entire  inside  is  well  covered 
with  porcelain  white  enamel. 

Again,  these  rules  prohibit  the  use  of  the  so-called  "  long  flushing- 
rim  hoppers,"  except  in  situations  where  a  closet  bowl  holding 
water  would  be  exposed  to  freezing.  As  a  matter  of  fact  I  have 
had  under  personal  observation  for  a  great  many^  years  one  of  the 
best  types  of  long  flushing-rim  hoppers,  and  I  must  frankly  say 
that,  notwithstanding  the  fact  that  it- lacks  the  advantage  of  a  large 
volume  of  water  in  the  bowl,  it  is  to  my  mind  one  of  the  best  closets 
of  the  present  day.  Of  course  it  should  be  well  used  and  it  should 
have  a  well-regulated  and  plentiful  flush. 

Use  of  Automatic  Flush  Tanks. —  The  rules  of  many  cities  prohibit 
the  use  of  automatic  flushing-cisterns  for  urinals  and  require  in- 
stead a  flushing-tank  with  a  chain-and-puU  device.  We  all  know 
the  great  carelessness  exhibited  in  the  use  of  such  fixtures  and  the 
negligence  of  the  general  public  in  flushing  them  after  use,  where 
the  fixture  is  provided  with  a  stop  cock  and  a  water-supply  pipe. 
While  the  rule  appears  to  be  proper  in  cases  where  it  is  desired  to 
limit  the  use  of  water  or  to  stop  reckless  waste,  I  cannot  see  why 
an  owner  of  an  office  building,  for  instance,  who  puts  in  a  water 
meter  on  his  service  and  is  willing  to  pay  the  water  bill  in  full,  no 
matter  how  large  it  toay  be,  can  be  lawfully  prevented  from  using 
such  automatic  flushing-tanks. 

Trapping  of  Fixtures. —  Nearly  all  rules  call  for  a  separate  trap 
tinder  each  plumbing  fixture,  to  be  placed  as  close  to  the  outlet  of 
the  fixture  as  possible,  and  yet  in  the  case  of  a  set  of  three  or  more 
washtubs  Building  Departments  have  been  known  to  object  to  a 
layout  of  the  plumbing  in  which  each  of  the  tubs  had  a  separate 
trap,  which  according  to  my  experience  is  the  best  possible  arrange- 
ment of  such  work. 

Again,  in  the  bathrooms  of  private  houses,  where  there  is  a  shower 
or  needle  bath  alongside  of  the  wash  basin  and  no  bath  tub  in  the 
room,  which  certainly  can  mean  but  one  thing,  and  that  is  that  the 
occupant  of  said  house  or  bathroom  intends  using  the  shower  bath 
instead  of  a  bath  tub  probably  as  frequently  as  if  he  had  a  tub, 
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plans  with  such  arrangement  of  fixtures  have  been  rejected  by  the 
Municipal  Building  Department  of  New  York  City,  because  each 
of  the  fixtures,  namely  the  basin  and  the  shower  bath,  had  a  sepa- 
rate trap.  Instead  of  this  arrangement  the  department  required 
that  the  waste  from  the  basin  be  run  into  the  trap  of  the  shower 
bath  "in  order  to  keep  it  supplied  with  water,"  yet  by  so  doing  a 
channel  or  waste  pipe,  sometimes  8  or  lo  feet  in  length  and  lined 
with  slimy  waste  matters,  was  left  untrapped  and  in  full  connection 
with  the  air  of  th^  room. 

Use  of  Wrought-iron  Pipe  for  Soil  and  Waste  Pipe.— Where  the 
rules  permit  the  use  of  wrought  iron  for  soil  and  waste  pipes,  they 
require  such  pipe  to  be  galvanized  and  exclude  the  use  of  asphalted 
wrought-iron  pipe,  whereas,  as  a  matter  of  fact,  the  asphalted  pipe 
is  much  smoother  on  the  inside  than  the  common  galvanized  pipe; 
and  asphalting,  properly  done,  is  probably  a  better  protection  against 
rust  than  the  common  method  of  galvanizing.  I  have  seen  some 
rules  which  permit  the  horizontal  portion  of  the  house  drain  to  be 
asphalted  wrought-iron  pipe,  but  insist  upon  the  soil  pipes  being 
galvanized.  It  would  be  interesting  to  know  the  why  and  wherefore 
of  such  rules. 

Again,  where  wrought-iron  screw-jointed  systems  are  permitted, 
the  rules  require  recessed  drainage  fittings  for  the  soil  and  waste  pipes, 
but  permit  the  use  of  ordinary  steam  fittings  for  the  vent  pipes.  It 
must  be  evident  that,  if  the  recessed  fitting  has  any  value  at  all, 
it  is  just  as  desirable  to  use  it  for  the  vent  pipes  and  particularly 
for  the  horizontal  runs  of  the  same. 

Separate  Connection  of  Houses  with  Street  Sewer. —  The  rules  of 
most  cities  call  for  every  building  to  have  its  sewer  connection 
directly  in  front  of  the  building.  I  well  remember  a  case  of  this 
kind  where  there  was  no  sewer  in  the  avenue  in  front  of  the  building, 
but  in  a  private  alley  in  the  rear  a  private  sewer  had  been  laid  by  the 
owners  abutting  on  said  alley.  When  I  filed  my  plans  in  the 
department  showing  the  house  sewer  to  run  to  the  rear  to  said 
private  sewer,  instead  of  to  the  front,  where  there  was  no  sewer, 
my  plans  were  promptly  disapproved,  and  it  required  several 
hours'  arguing,  on  different  days,  to  convince  the  head  of  the 
department  that  the  sewer  connection  in  the  rear  was  just  as  good 
and  certainly  just  as  permissible  as  the  plan  requiring  the  additional 
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outlay  of  money,  to  which  he  wanted  to  subject  the  owner  of  the 
property  by  compelling  him  to  build  a  private  sewer  in  front  of  the 
house. 

Inclination  of  House  Drains  and  Waste  Pipes. —  Other  points 
*in  plumbing  rules,  which  were  well  meant  when  they  were  drawn, 
have  been  unfortunately  misunderstood  and  misinterpreted.  Take, 
for  instance,  the  rule  requiring  that  every  house  sewer  should  be  laid 
with  an  inclination  of  at  least  \"  to  the  foot.  This  rule  was  intended 
to  establish  a  minimum  fall,  and  it  is  quite  obvious  to  anyone  .who 
has  at  all  studied  hydraulics,  that  the  smaller  the  diameter  of  the 
pipe  the  greater  its  inclination  should  be;  yet  by  common  consent 
the  majority  of  mechanics  call  this  ^^ \"  to  the  foot"  the  standard 
fall,  simply  because  ^it  is  the  minimum  fall  allowed  by  the  depart- 
ment, and  I  have  in  my  work  the  greatest  difficulty  in  securing  the 
laying  of  the  pipes  at  a  larger  fall  where  I  think  this  would  be  de- 
sirable, the  mechanics  contending  that  the  pipes  have  been  laid  at 
the  standard  J-inch  fall. 

Back-venting  from  the  Crown  of  the  Trap. —  The  rule  which  we 
find  in  nearly  every  plumbing  regulation,  requiring  the  back-venting 
of  pipes,  namely,  that  "branch  vent  pipes  should  be  connected  as 
near  to  the  crown  of  the  trap  as  possible,"  is  one  which  it  would 
be  well  to  omit  entirely  in  the  future,  for  it  is  not  followed  in  the 
case  of  earthen  water-closets  axid  earthen  slop-sinks.  Similarly 
in  the  case  of  basin  and  sink  traps  it  is  very  seldom  nowadays 
that  one  finds  the  branch  vent  applied  to  the  crown  of  the  trap, 
one  reason  being  that  this  would  require  a  coupling  or  washer 
joint  at  the  back-vent  connection,  which  experience  has  shown 
to  be  unsafe.  Therefore  screw  connections  are  prescribed  by  the 
rules,  and,  while  this  manner  of  connection  is  all  right,  it  does  away 
with  the  branch-venting  of  the  crown  of  the  trap,  and  substitutes 
for  it  the  better  system  of  continuous  wastes  and  vents.  Therefore 
the  above-quoted  rule  should  be  abolished. 

Extension  of  Pipes  above  the  Roof. —  The  intersection  of  the  line 
of  vent  stacks  into  the  adjoining  soil  or  waste  pipe  above  the  highest 
fixture  is  now  permitted  by  the  majority  of  rules,  and  in  New  York 
City  the  only  exception  is  "where  there  are  fixtures  on  more  than 
six  floors."  The  reason  for  this  exception  is  somewhat  obscure, 
and  it  would  be  decidedly  more  advantageous  to  carry  all  vent 
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pipes  sepaxately  through  the  roof,  even  if  this  should  require  ad- 
ditional holes  to  be  cut  through  the  roof.  Wherever  the  pipes  are 
so  arranged,  it  is  possible  to  make  a  successful  peppermint  test  by 
pouring  the  peppermint  into  the  soil  or  waste  line;  but,  where  the 
vent  intersects  the  other  line  below  the  roof,  the  peppermint  test* 
is  in  many  cases  a  delusion  and  a  snare,  because  some  of  the  oil 
may  follow  through  the  vent  into  the  bend  of  the  trap  and  thus 
the  odor  of  the  oil  may  come  out  into  the  room,  apparently  indicat- 
ing a  leak  when  really  there  is  none. 

Disconnected  Plumbing  System. —  I  have  on  some  occasions 
found  it  necessary  to  disconnect  certain  fixtures,  for  instance,  wash 
basins  in  the  center  of  a  house  or  in  sleeping  apartments,  or  else 
sinks  in  operating-rooms  of  hospitals,  from  the  soil-  or  waste-pipe 
system  of  the  house.  Where  such  a  disconnection  is  properly  ar- 
ranged, it  forms,  in  my  judgment,  a  perfectly  safe  and  sanitary 
system,  yet  it  seems  almost  impossible  to  get  systems  so  arranged 
passed  under  the  present  rules  of  many  departments. 

Open  Plumbing  Work. —  An  instance  of  how  even  a  good  rule 
may  fail  to  work  properly  is  the  following:  All  plumbing  regulations 
at  present  call  for  entirely  open  plumbing  work,  and  for  the  tenement 
houses  in  particular  the  requirement  is  made  in  New  York  City 
that  sinks  "shall  be  left  entirely  open  and  the  waste  pipe  and  trap 
of  said  sinks  are  required  to  be  of  lead,^^  Now  I  am  assuredly,  as 
much  as  anybody,  in  favor  of  open-plumbing  work,  having  advo- 
cated its  introduction  twenty-five  years  ago,  but  in  the  Case  of 
tenement  houses  this  rule  is,  from  a  practical  point  of  view,  a  great 
mistake.  The  tenants  of  such  quarters  have  at  best  a  very  limited 
space  available,  and  it  is  natural  for  them  to  use  every  inch  of  space, 
even  under  the  kitchen  sink  or  washtub.  They  will  store  the  coal 
scuttle  or  pails  under  the  sink,  and  in  a  very  short  time  the  lead 
waste  and  lead  trap  are  found  dented  or  knocked  flat,  and  the  stop- 
page of  the  waste  is  the  inevitable  result.  Therefore,  if  the  plumb- 
ing must  be  open,  the  rule  should  call  for  either  brass  or  iron  traps 
and  waste  pipes,  and  it  should  prohibit  the  use  of  lead  pipes  and 
traps. 

Testing  of  Pltmibing  Work. —  The  testing  of  plumbing  work 
has  been  one  of  the  chief  means  of  improving  the  character  of  such 
work.    I  cannot  lay  too  much  stress  upon  the  importance  of  having 
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the  entire  wajj^^ilich  is  made  subject  to  Health  Department 
supervisionj^^^Ved  and  tested  at  the  various  stages  of  the  work. 
Such  inspec^HHnd  test  should  be  carried  out  with  great  thorough- 
ness and  faithfulness.  One  cannot  be  too  particular  about  the 
testing  of  the  work.  The  plumbingjrules  should  state,  in  a  direct 
and  positive  manner,  how  many  and  what  tests  the  department 
requires.  The  kind  of  test  should  in  no  case  be  left  optional 
with  the  plumbing  inspector. 

Watef-pressure  Test, —  For  the  drain-,  soil-,  waste-  and  vent-pipe 
system,  including  the  branches  to  the  fixtures,  there  is  no  better 
test  than  the  hydrostatic-pressure  test,  which  consists  in  filling  the 
pipes  with  water;  and  this  test  is  certainly  much  superior  and  better 
adapted  to  new  plumbing  work  in  course  of  construction  than,  for 
instance,  the  air-pressure  test.  The  only  time  at  which  such  a  water- 
pressure  test  may  not  be  practicable  is  during  freezing  weather, 
and  the  plumbing  rules  should  distinctly  state  that  only  in  such 
instances  the  plumbing  inspector  may  require  the  substitution 
of  an  air-pressure  test. 

Smoke  Test. —  In  the  same  way  it  is  acknowledged  to-day  by 
experts  that  the  smoke  test  is  the  best  available  test  for  newly 
completed  work,  as  well  as  for  old  work  in  buildings  to  be  inspected, 
and  that  it  is  superior  in  many  respects  to  the  peppermint  test. 
It  is  well  known  that  the  peppermint  test,  unless  applied  with  a 
great  deal  of  care  and  with  a  thorough  understanding  of  the  lay- 
out of  the  plumbing  system  in  a  building,  is  apt  to  be  misleading 
or  to  give  entirely  erroneous  indications.  In  fact,  in  the  hands  of 
careless  or  unscrupulous  workmen  such  a  test  is  a  very  dangerous 
one. 

In  view  of  these  facts  I  cannot  approve  of  any  plumbing  rule  pr 
ordinance  requiring  that  the  final  test  to  be  applied  to  the  work  may 
be  either  the  smoke  test  or  the  peppermint  test,  at  the  option  of 
the  inspector.  A  case  recently  happened  in  my  oWn  practice  where 
I  had  inserted  in  my  specification  the  requirement  of  a  smoke 
test  at  the  completion  of  the  work.  In  this  case  the  official  plumb- 
ing rules  had  been  worded  so  as  to  make  it  optional  with  the 
plumbing  inspector  which  test  should  be  applied.  He  accordingly 
refused  to  witness  the  smoke  test,  stating  arbitrarily  that  he  preferred 
to  have  a  peppermint  test  applied. 
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Benefits  Resulting  to  the  Public  from  Plumbing  Inspection. — 
Experience  has  shown  that  the  control  and  inspection  of  plumbing 
and  drainage  work  by  Health  Board  officials  greatly  reduces  the 
chances  for  scamped  work  and  tends  to  avoid  bad  layouts,  the 
use  of  poor  materials,  and  criminal  workmanship.  The  honest 
and  conscientious  workmen  as  well  as  the  public  are  thereby  bene- 
fited. If  the  practical  work  done  by  efficient  Health  Boards  were 
better  understood  by  the  public  at  large,  it  would  also  be  more 
appreciated. 

Universal  appreciation  or  approval  can  as  yet  hardly  be  expected, 
for  in  every  community,  whether  in  cities  or  in  the  country,  persons 
exist  who  remain  inimical  to  the  efforts  made  by  the  health  officials 
to  improve  the  sanitary  condition  of  habitations.  But  I  venture 
to  assert  that  a  greater  degree  of  appreciation  of  their  labors  will, 
in  the  course  of  time,  be  shown  by  the  public  wherever  health  officers 
and  plumbing  inspectors  perform  their  work  in  an  honest,  fearless 
and  efficient  manner. 


CHAPTER  V. 
DOMESTIC  WATER  SUPPLY. 

The  Uses  of  Water. —  Next  to  an  ample  provision  of  uncontami- 
nated  air  for  breathing,  nothing  is  so  essential  to  human  life  as  a 
supply  of  pure  and  wholesome  water. 

Cleanliness,  comfort  and  health  in  a  house  depend,  to  a  large 
extent,  upon  water  being  available  in  an  ample  supply  for  imme- 
diate use.  Much  trouble  and  constant  labor  is  involved  in  houses 
where  the  water  supply,  coming  from  cisterns  or  wells,  must  be 
lifted  by  hand,  by  means  of  buckets  or  hand  pumps.  There  is 
always  a  tendency,  under  such  conditions,  to  use  as  little  water 
as  possible,  to  the  great  detriment  of  personal  comfort  and  health. 

A  public  supply,  introducing  pure  water  into  habitations  under 
pressure,  must  be  looked  upon  not  merely  as  a  great  convenience, 
but  as  a  powerful  aid  in  preventing  disease.  With  regard  to  the 
plumbing  fixtures  in  particular,  a  large  quantity  of  water,  always 
available,  is  a  necessity  in  order  to  keep  the  fixtures,  traps  and 
waste  pipes  well  flushed  and  clean,  and  to  maintain  the  water-seal 
in  traps  so  as  to  eflFectually  exclude  any  noxious  air  that  may  be 
contained  in  the  waste  pipes. 

A  good  plumbing  system,  efficient  sewerage,  and  a  copious 
supply  of  water  are  the  three  essential  requirements  for  dwellings 
which  should  always  go  together;  in  fact,  without  the  one,  the 
others  are  always  incomplete  and  will  result  in  failure. 

Quality  of  the  Water. —  To  be  fit  for  use  in  the  household,  water 
should  be  uncontaminated,  and  free  from  the  grosser  or  suspended 
impurities,  and  from  organic  contamination.  Impure  water  is 
frequently  the  cause  of  disease.  Chemically  pure  water  does  not 
exist  in  Nature,  and  all  water,  whether  derived  from  springs,  wells, 
rivers,  or  lakes,  or  from  rain-water  cisterns,  contains  foreign  ele- 
ments, some  in  suspension,  others  in  solution,  some  organic,  some 
inorganic.  The  organic  substances  may  be  either  of  vegetable 
or  of  animal  origin.    Besides  these,  water  contains  minute  forms 
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of  plant  life  and  bacteria,  so  small  that  they  may  only  be  recognized 
through  a  powerful  microscope.  The  inorganic  matters  in  solution 
may  be  iron,  lime,  magnesia,  chloride  of  sodium,  sulphates  and 
carbonates  of  lime  or  magnesia,  and  sometimes  lead  and  zinc;  those 
in  suspension  comprise  finely  divided  clay,  fine  sand  and  gravel, 
and  iron  rust. 

A  good  water  should  contain  only  a  small  quantity  of  mineral 
matter,  and  should  be  of  moderate  hardness,  while  organic  matter 
in  it  is  always  objectionable.  Water  should  be  clear  and  free  from 
turbidity;  it  should  not  be  discolored,  nor  should  it  have  any 
objectionable  taste  or  odor;  lastly,  it  should  be  moderately  cool. 
Where  the  water  is  supplied  from  a  municipal  or  private  water- 
works system,  the  individual  householder  has,  of  course,  no  control 
over  the  quality  of  the  water,  but,  in  cases  where  the  water  supplied 
is  impure,  much  may  be  done  by  the  individual  to  improve  the 
supply  by  means  of  household  filtration. 

Quantity  of  Water  Required. —  The  quantity  of  water  consumed 
in  a  household  in  twenty-four  hours  depends  not  only  upon  the  num- 
ber of  its  inhabitants,  but  also  upon  the  size  and  character  of  the 
house,  the  number  of  plumbing  fixtures,  the  size  and  extent  of  the 
grounds,  the  number  of  horses  and  carriages,  of  domestic  animals, 
cattle,  etc.,  and  also  upon  the  system  of  supply  (whether  constant, 
intermittent,  unlimited  or  metered).  Estimates  of  the  number  of 
gallons  to  be  allowed  or  supplied  daily  per  capita  vary  greatly, 
but  a  safe  average  allowance  for  the  consumption  of  water  in 
American  city  dwellings  is  50  gallons  per  head  of  population. 
The  actual  daily  consumption  varies  not  only  on  different  week 
days,  but  also  at  the  different  seasons  of  the  year,  and  reaches  two 
maxima,  one  in  extremely  hot  summer  weather,  the  other  in  very 
cold  weather,  when  much  of  the  ordinary  badly  constructed  plumb- 
ing work  is  liable  to  freeze  unless  water  is  allowed  to  run  at  some 
of  the  faucets.  The  waste  involved  thereby  is  very  large,  and  in 
some  of  the  principal  cities  it  is  almost  as  large  as  the  legitimate 
use  of  water.     (See  Chapter  VI.) 

Pressure  imder  which  Water  is  Supplied. —  The  pressure  under 
which  water  is  delivered  into  dwellings  varies  in  many  cities  and  in 
different  sections  of  the  same  city,  being  in  some  places  as  low  as 
TO  pounds,  while  the  maximum  pressure  may  reach  90  or  100  poimds. 
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A  very  low  pressure  is  undesirable,  as  it  leaves  the  upper  floors  of 
buildings  without  water;  a  very  high  pressure,  on  the  other  hand, 
may  become  objectionable  by  reason  of  shocks  or  water  hammer 
in  the  pipes,  which  cause  the  quick  wearing-out  of  pipes,  fittings 
and  faucets. 

An  average  satisfactory  pressure  ranges  from  25  to  40  pounds 
per  square  inch;  this  is  sufficient  to  supply  a  3-  or  4-story  dwelling. 
A  higher  pressure,  viz.,  from  45  to  60  pounds,  is  required,  not  so 
much  for  the  plumbing  fixtures  as  it  is  desirable  for  protection 
against  fire. 

Where  the  pressure  is  low  or  where  it  fluctuates  at  different 
hours  of  the  day  and  night,  house  tanks  must  be  used.  These 
tanks  are  either  supplied  from  the  main,  in  those  cases  where  the 
pressure  becomes  stronger  at  night,  or  else  tjiey  must  be  filled  by 
means  of  domestic  pumps. 

Chief  Modes  of  Supply:  Constant,  Intermittent  and  Metered 
Systems. —  Various  systems  are  in  use  for  suppljring  houses  with 
water.  In  the  intermittent  system  the  supply  is  furnished  only 
during  certain  hours  daily,  and  it  is  shut  off  at  the  water  works  dur- 
ing the  remainder  of  each  day.  This  system  is,  obviously,  both  im- 
perfect and  undesirable,  for  it  necessitates  the  use  of  large  storage 
tanks  in  houses.  It  also  compels  the  householder  to  draw  the  drink- 
ing-water supply  from  storage  tanks;  this  is  objectionable,  as  the 
water  stagnates  in  the  tanks  more  or  less,  becomes  warmed,  and 
quite  often  polluted  by  dust,  vapors,  sewer  air,  chimney  gases  or 
other  agencies.  For  all  these  reasons  the  intermittent  system  has 
never  found  favor  in  the  United  States,  but  in  many  cities  of  England 
(in  London,  for  instance)  it  is  still  in  force. 

The  other  system  is  the  constant  system,  in  which  the  street 
mains  remain  filled  and  under  pressure  all  the  time.  While  this 
may  cause  the  items  of  leakage  and  of  waste  to  become  much  larger, 
it  is,  from  a  sanitary  point  of  view,  far  ahead  of  the  intermittent 
system. 

Under  the  constant  system,  there  are  again  to  be  distinguished 

^  various  modes,  in  which  the  water  may  be  delivered  or  sold  to  the 

consumer;    in  one  case  the  supply  is  unlimited,  in  the  other  the 

supply  is  measured  by  water  meters,  placed  on  the  main  service 

where  this  enters  a  house.     Where  houses  enjoy  an  unlimited  sup- 
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ply,  the  water  tax  is  fixed  by  the  frontage  of  the  house,  by  the 
number  of  stories  and  by  the  number  of  plumbing  fixtures. 

In  the  metered  system  a  water  meter  on  the  house-service  pipe 
records  the  exact  quantity  consumed  per  day,  and  a  fixed  rate  of 
charge  for  each  loo  gallons  of  water  passing  through  the  meter 
(whether  used  or  wasted)  is  applied.  As  a  rule,  the  supply  to 
dwelling  houses  is  unlimited,  whereas  office  and  other  commercial 
buildings,  hotels,  institutions  and  factories  have  a  metered  supply. 
Some  cities,  however,  form  an  exception  in  having  nearly  all  house 
services  metered,  the  result  being,  as  might  be  expected,  a  consider- 
able reduction  in  the  average  per  capita  consumption. 

Street-pressure  and  Tank-pressure  Systems  in  Houses. —  There 
are,  broadly  speaking,  two  dififerent  methods  by  which  the  fixtures 
of  a  house  may  be  supplied  with  w^ter  from  the  street  mains, 
namely,  the  direct-pressure  system  and  the  tank-pressure  system. 
In  the  first  or  direct  sjrstem,  which  is  shown  in  diagram.  Fig.  131,  a 
main  house-service  pipe  is  branched  off  from  the  street  main,  carried 
through  the  cellar,  and  thence  vertically  upward  through  the  house 
to  the  highest  floor  on  which  it  is  desired  to  draw  water,  branches 
being  taken  from  this  rising  main  wherever  required  to  supply  the 
kitchen  sink,  the  laundry  tubs,  the  boiler,  the  bowls,  bath  tubs, 
and  water-closet  cisterns. 

In  the  second  or  indirect  sjrstem,  illustrated  in  diagram,  Fig.  132, 
nearly  all  the  plumbing  fixtures  in  the  house  are  supplied  from  a 
tank  located  at  the  top  of  the  building,  the  distribution  tank  being 
often  the  only  fixture  supplied  directly  from  the  street  pressure 
by  the  rising  main  through  a  ball  cock,  which  shuts  off  the  supply 
when  the  tank  becomes  filled. 

It  is  always  preferable  to  draw  water  for  drinking  and  cooking 
purposes,  at  the  pantry  and  kitchen  sinks,  from  the  direct-supply 
pipe  and  not  from  the  house  tank,  in  order  to  obtain  pure  fresh  water, 
rendered  free  from  any  suspicion  of  contamination  by  stagnating 
more  or  less  in  the  house  tank.  Therefore,  we  find  in  many  dwell- 
ings a  combination  of  the  two  systems. 

Advantages  of  the  Tank-pressure  System. —  The  second  or  tank 
sjrstem,  although  more  expensive,  because  it  requires  more  piping, 
has  advantages  over  a  direct  supply,  especially  where  the  pressure  in 
the  mains  is  very  high,  causing  a  quick  wearing-out  of  the  faucets 
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Fig.  131.     Section  Showing  Water  Supply  of  House  from  Street  Pressure. 
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FiO.  132.    Section  Showing  Water  Supply  of  House  from  Tank  Pressure. . 
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and  pipes.  It  is  also  much  to  be  preferred  in  those  cities  where 
water  is  pumped  directly  into  the  street  mains,  on  what  is  called 
the  "Holly"  system.  A  special  feature  of  the  "Holly"  system  is 
that,  in  case  of  a  fire,  the  pressure  in  the  mains  is  suddenly  much 
increased,  sufficiently  so  to  throw  streams  of  water  from  the  hydrants 
to  the  top  of  very  high  buildings.  It  will  be  readily  understood 
that  such  a  severe  strain  brought  suddenly  upon  the  pipes,  faucets, 
and  the  kitchen  boiler  of  a  house  will  often  cause  them  to  burst 
or  leak,  and  will  always  tend  to  wear  them  out  in  a  short  time. 

A  further  advantage  of  a  tank  supply  lies  in  the  fact  that  in  case  of 
the  supply  being  cut  off  for  a  portion  of  the  day,  for  repairs  or 
owing  to  an  accident  to  the  street  mains,  all  the  fixtures  will  be  sup- 
plied from  the  tank.  There  will  be  no  annoyance  owing  to  the 
water-closets  remaining  for  hours,  or  even  a  whole  day,  without  a 
flush,  nor  will  there  be  danger  of  the  boiler  collapsing.  A  tank  also 
renders  a  house  independent  of  the  fluctuations  of  pressure  so  fre- 
quently occurring  in  street  mains,  which  often  cause  the  upper 
floors  of  houses  to  be  without  water.  Other  advantages  of  the  tank- 
supply  system,  relating  to  the  safety  of  the  boiler  from  bursting  or 
collapsing,  will  be  referred  to  more  in  detail  in  describing  the  hot- 
water  supply. 

A  tank  supply  is  also  necessary  wherever  the  house  is  supplied 
with  water  from  a  well  or  cistern  by  means  of  a  lift  and  force  pump. 
In  some  cities  the  pressure  in  the  street  mains  is  reduced,  owing 
both  to  the  large  consumption  and  the  increasing  waste  of  water, 
to  such  an  extent  as  to  permit  the  water  to  rise  only  to  the  lower 
stories  of  a  house.  In  this  case,  too,  a  tank  is  required  in  the 
attic  to  supply  the  fixtures  on  the  upper  floors. 

House  Tanks  for  Storage  of  Water. —  Storage  tanks  for  water 
are  either  supplied  from  the  street  main  under  pressure,  or  else 
they  are  filled  by  pumping,  either  from  the  general  supply  or  from 
a  local  source  such  as  a  well,  spring  or  cistern.  When  the  water 
does  not  require  to  be  lifted  to  the  tank  by  pumping,  but  flows  into  it 
by  pressure  from  the  street  mains  at  all  times,  it  is  not  necessary 
to  use  a  very  large  tank,  for  its  chief  purpose,  in  such  case,  is  to 
supply  the  fixtures  with  a  moderate  and  steady  pressure.  In 
other  words,  the  tank  is  to  be  looked  upon  simply  as  a  distributing, 
and  not  as  a  storage-reservoir.    In  fact,  the  smaller  the  tank  is 
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made  the  oftener  will  its  contents  be  renewed,  and  hence  the  water 
will  not  be  so  apt  to  acquire  a  bad  taste,  owing  to  stagnation  and 
lack  of  aeration.  Tanks  of  larger  capacity  are  required  where 
the  water  must  be  lifted  by  pumps,  or  where  the  tank  fills  only 
during  the  night. 

In  all  houses  having  house  tanks  it  is  desirable  to  have  some 
faucetSy  generally  those  located  on  the  lower  floors  (kitchen,  pantry. 


Fig.  133.    View  of  a  House  Tank. 


and  the  sillcocks),  supplied  directly  from  the  main.     At  these  faucets 
the  water  for  drinking  and  cooking  purposes  should  be  drawn. 

The  tank  is  placed  in  the  attic  (Fig.  133)  in  an  easily  accessible 
position,  and  in  a  room  well  protected  in  winter  time  against  frost, 
or  else  it  is  placed  on  the  roof,  in  which  case  a  special  tank  or  pent- 
house is  sometimes  provided.  Tanks  are  made  either  of  strong 
two-inch  bpards  or  planks,  or  else  of  narrow  2"  X  4"  strips,  placed 
one  above  the  other,  and  dovetailed  at  the  corner.  They  are  then 
lined  on  the  inside  by  the  plumber  with  tinned  sheet  copper,  weigh- 
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ing  16  ounces,  or  i  poiind,  per  square  foot.  In  the  cheaper  class  of 
houses,  tanks  are  often  lined  with  sheet  letad.  But  lead  is  readily 
attacked  and  dissolved  by  some  waters,  therefore  it  is  much  better 
not  to  run  any  risk,  and  rather  to  pay  the  small  difference  in  extra 
expense  for  a  good  tinned-copper  lining. 

Roof  tanks  are  often  constructed  of  cypress  or  white-pine 
staves,  doweled  together  and  held  by  stout  hoops.  In  larger  build- 
ings, water  tanks  are  often  made  of  iron,  either  of  boiler-iron  plates, 
tightly  riveted  together,  or  else  of  cast-iron  sectional  plates,  put 
together  with  bolts  and  cement  at  the  joints.  Plain  iron  tanks  soon 
discolor  the  water,  owing  to  the  rusting  of  the  iron,  and  it  is  therefore 
necessary  to  protect  the  surface  of  the  iron,  which  may  be  done  by 
applying  metallic  paints,  or  else  by  treating  the  iron  with  a  rustless 
process. 

Water  tanks  in  houses  should  not  be  of  galvanized  iron,  nor  of 
wood  lined  with  zinc,  for  water  readily  forms  chemical  combina- 
tions with  this  metal,  and  the  resulting  zinc  salts  are,  to  some 
extent,  poisonous,  if  introduced  into  the  human  system.  Slate  is 
an  excellent  material  for  tanks,  but  it  is  much  more  troublesome 
to  make  such  tanks  tight,  and  hence  they  are  not  ordinarily  adopted. 
Details  of  Tank  Pipe  Connections. —  Where  a  tank  is  to  be  supplied 
with  water  from  the  rising  main  (Fig.  134),  this  is  accomplished  by 

means  of  a  ball  cock. 
(Fig-  135)-  The  oper- 
ation of  this  device  is  as 
follows:  When  the  tank 
is  empty  the  hollow 
copper-ball    float     hangs 


Fig.  134.     House  Tank  with  Ball  Cock 
Supply. 

down,  and  the  service  cock  is 

open.     If    the    water    is    now 

turned  into  the  tank  by  opening 

a  stopcock  on  the  rising  main,  a  full  stream  is  discharged  at  the 

cock,  until  the  water  has  risen  in  the  tank  to  a  height  sufficient  to 


Sectional  View  of  Ball  Cock. 
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float  the  ball.  As  this  is  placed  at  the  end  of  a  long  lever  attached 
to  the  supply  cock,  the  rising  of  the  ball  causes  a  gradual  shutting 
of  the  latter,  until,  when  the  water  reaches  the  fixed  water  line, 
located  some  inches  below  the  top  of  the  tank,  the  cock  is  entirely 
and  tightly  shut  off.  As  fast  as  water  is  being  drawn  for  house 
use  from  the  tank,  the  water  level  falls  again,  and  simultaneously 
the  ball-float  drops,  and  thus  opens  the  cock  until  the  tank  is  refilled. 

Water  is  drawn  from  the  tank  by  means  of  a  pipe,  entering  at  its 
bottom  and  protected  against  obstructions  by  a  strainer.  This 
pipe,  supplying  all  the  house  fixtures  including  the  boiler,  is  termed 
the  falling  main  to  distinguish  it  from  the  rising  main.  The  latter 
always  contains  water  under  pressure  from  the  street  mains,  while  the 
falling  main  has  waterimder  a  pressure  corresponding  to  the  elevation 
of  the  water  line  in  the  tank  above  the  point  where  water  is  drawn. 
Thus,  if  the  pressure  in  the  street  main  at  the  house  is  equivalent 
to  a  head  of  125  feet,  and  if  the  ball  cock  is  located  40  feet  above  the 
street  main,  the  water  will  pass  into  the  tank  with  a  pressure,  at  this 
point  of  the  rising  main,  equivalent  to  125  —  40  =  85  feet  head  of 
water,  or  about  36.8  pounds  pressure  per  square  inch.  On  the 
other  hand,  if  the  water  level  in  the  tank  is  30  feet  above  the  faucets 
of  the  laundry  tubs,  the  pressure  of  water  at  this  point  of  the  falling 
main  will  be  equivalent  to  a  head  of  water  of  30  feet,  or  about  13 
pounds  per  square  inch.     (See  Diagram  Plate  23,  Appendix.) 

Tank  Valves. —  It  often  becomes  desirable,  in  case  of  repairs 
to  pipes  or  faucets  in  the  house,  to  shut  off,  temporarily,  the  supply 
from  the  tank  in  order  to  empty  the  pipes.  This  may  be  accom- 
plished by  cutting  off  the  direct  supply  at  the  rising  main  and  empty- 
ing the  tank  by  opening  any  of  the  faucets  on  the  first  story,  but  it 
would  be  a  rather  slow  and  awkward  proceeding.  It  is  much  pref- 
erable to  provide  a  shut-off  in  the  falling  main,  directly  underneath 
the  tank  outlet.  There  are  two  ways  in  which  this  may  be  arranged. 
In  the  first  method,  shown  in  Fig.  136,  a  cistern  valve,  resting  on  a 
valve  seat  tightly  fastened  at  the  tank  bottom,  is  employed;  it  is 
operated  by  means  of  a  pull,  lever  and  crank  fixed  over  the  top  of 
the  cistern.  An  important  adjunct  of  this  valve  is  the  small  air  tube 
carried  from  below  the  valve-seat  above  the  top  of  the  water  in  the 
tank.  If  this  were  not  provided,  water  would  not  readily  run  out 
of  the  faucets  and  the  falling  main  and  its  branches  could  not  be 
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emptied.  The  air  tube  serves,  as  its  name  implies,  to  bring  the  at- 
mospheric pressure  to  bear  upon  the  water  column  in  the  pipes, 
which  latter  will  fall  upon  opening  any  of  the  faucets  supplied 
from  the  falling  main. 

In  the  second  method,  shown  in  Fig.  137,  a  plain  water  valve  or 
else  a  lever-handle  stopcock  is  used  to  shut  oflf  the  water  in  the  tank. 
The  valve  or  stopcock  must,  of  course,  be  put  in  an  accessible 
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Fig.  136.     Arrangement  of  Cistern  Valve  in  House  Tank. 
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Fig.  137.     Arrangement  of  Pipe  Connections  at  House  Tank. 


position,  and  in  this  case,  too,  an  air  pipe  should  be  carried  from 
below  the  stopcock  or  vklve  to  the  top  of  the  tank,  as  otherwise  it 
will  be  found  diflScult  to  empty  the  pipes. 

Tank  Overflow. —  Every  tank  requires  a  pipe  of  sufficient  capacity 
to  remove  safely  any  overflowing  water  in  case  the  ball  cock  should 
leak  or  refuse  to  close  properly.  It  is  of  the  utmost  importance  that 
this  overflow  pipe  be  not  connected  with  any  drain,  soil,  waste  or 
vent  pipe,  for  water  is  a  ready  absorber  of  foul  gases  which  may  be 
contained  in  the  waste-pipe  system,  and  hence  it  is  absolutely  neces- 
sary that  the  overflow  be  disposed  of  in  a  harmless  and  safe  manner. 
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It  was  formerly  quite  common  to  trap  the  overflow  pipe  with  a 
deep-seal  trap  and  then  to  lead  it  to  the  nearest  soil  or  waste  pipe. 
This  practice  is  faulty  and  utterly  to  be  condemned,  for  the  water 
in  the  trap  will  ultimately  evaporate,  no  matter  how  deep  a  seal  it 
has,  and  if  no  overflow  occurs  —  and  it  ought  not  to  occur  with 
a  tight-shutting,  well-fitted  ball  cock  of  good  construction  —  an 
open  road  will  be  established  for  air  from  the  soil  pipe  to  the 
tank. 

Much  the  easiest  manner  of  disposing  of  the  overflow  is  to  run 
and  discharge  it  into  the  nearest  roof  gutter  or  on  the  roof.  If 
this  is  found  impracticable,  the  overflow  pipe  should  be  carried  to 
the  nearest  sink  or  plumbing  fixture,  where  its  discharge  would  be 
in  sight,  so  as  to  call  attention  to  the  leak  in  the  ball  cock.-  The 
overflow  pipe  is  either  taken  out  at  the  side  of  the  tank  above  the 
highest  water  level  or  else  arranged  as  a  standpipe  overflow,  standing 
in  the  bottom  of  the  tank  and  reaching  up  to  the  water  level,  its 
upper  end  or  mouth  being  flared  out,  as  this  helps  in  catching  the 
overflowing  water.  The  standpipe  overflow  (see  Fig.  134)  has  this 
important  advantage:  that  its  full  area  at  once  comes  into  play, 
whereas  the  ordinary  overflow  requires  the  water  to  rise  to  the  top 
of  the  pipe  before  its  entire  cross-secticmal  area  becomes  effective. 
If  the  top  of  the  stand-pipe  overflow  is  made  with  flaring  or  trumpet- 
shaped  mouth,  it  will  discharge  much  more  water  than  if  made 
cylindrical. 

Tank-emptying  Pipe.  —  Where  water  is  muddy  or  carries  finely 
suspended  organic  or  inorganic  matters,  these  will  settle  at  the 
bottom  of  the  house  tank.  In  such  a  case  it  is  quite  necessary 
to  empty  and  clean  the  tank  often  and  thoroughly.  To  empty 
the  tank  by  means  of  the  falling  main  would  be  objectionable,  as 
the  muddy  deposit  of  the  tank  would  thereby  be  carried  into  the 
distribution  pipes,  involving  the  danger  of  stoppages.  This  could 
partially  be  obviated  by  keeping  the  outlet  leading  to  the  falling 
main  at  a  height  of  at  least  six  inches  above  the  tank  bottom,  but 
such  an  arrangement  would  render  it  impossible  to  remove  all  the 
water  from  the  tank.  It  is  to  be  recommended,  therefore,  to  fit  the 
tank  with  a  blow-oflf  or  empt3ring  pipe  of  large  size,  leading  from 
the  tank  bottom  to  the  same  place  where  the  overflow  is  carried. 
It  is  even  possible  to  combine  both,  by  using  a  standing  tube  for 
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the  overflow  pipe  (see  Fig.  134).  If  it  is  desired  to  empty  the  tank 
the  tube  is  simply  lifted  and  removed. 

Arrangement  of  the  Hot-water  Supply  from  the  Kitchen  Boiler.  — 
The  following  will  serve  to  explain  the  manner  in  which  the 
hot-water  system  in  a  dwelling  house  is  usually  arranged.  A 
hot-water  boiler  E  (Fig.  138)  is  placed  on  a  stand  H  in  the  kitchen 
alongside  of  the  range.  This  boiler  is  a  closed  cylindrical  vessel, 
able  to  stand  a  strong  pressure  of  water,  and  serves  as  a  reservoir 
for  hot  water.  The  fire  in  the  kitchen  range  is  utilized  to  heat 
the  water  by  placing  a  closed  vessel  of  iron,  C,  usually  termed  a 
water  back,  and  which  sometimes  consists  of  a  cast-iron  box,  at 
other  times  of  a  pipe  coil,  in  a  comer  or  at  the  side  of  the  fire  pot 
so  as  to  have  the  fire  pass  over  its  side.  This  water  back  is  con- 
nected with  the  boiler  by  two  pipes — a  cold-water  feed  and  a  hot- 
water  return  pipe.  A  good  circulation  is  obtained  by  making  the 
upper  or  return  pipe  from  the  water  back  to  the  range  a  size  larger 
than  the  lower  one.  In  ordinary  work,  the  connecting  pipes  are 
made  of  lead,  but  brass  or  copper  pipes  are  preferable. 

Properly  speaking,  the  water  back  should  be  named  "boiler,'' 
for  this  is  the  vessel  in  which  the  water  is  heated,  while  the  so-called 
"boiler"  is  simply  intended  as  a  vessel  capable  of  storing  hot 
water  until  if  is  drawn  off  at  the  plumbing  fixtures. 

The  boiler,  £,  is  supplied  with  cold  water  by  means  of  a  pipe.  A, 
which  enters  the  boiler  at  the  top,  but  is  continued  inside  of  the 
boiler  to  within  a  few  inches  from  its  bottom.  The  lower  part 
of  a  boiler  contains,  consequently,  cold  water.  From  the  bottom  of 
the  boiler  a  pipe,  B,  leads  the  cold  water  to  the  lower  opening  of 
the  iron  water  back.  Here  it  becomes  heated  and  rises,  returning 
by  means  of  another  pipe,  Z>,  from  the  upper  outlet  of  the  water 
back  into  the  boiler  at  a  point  above  the  inlet  for  cold  water.  The 
heated  water  ascends  to  the  top  of  the  boiler,  sinking  toward  the 
bottom  only  as  it  becomes  cooled  by  emission  of  heat  from  the  boiler. 
The  main  circulation  between  the  boiler  and  the  water  back  begins 
as  soon  as  a  fire  is  lighted  in  the  range,  and  goes  on  as  long  as  the 
fire  is  kept  burning.  A  second  circulation  of  less  importance  is 
kept  up  within  the  boiler  itself,  as  indicated  heretofore.  The  hot 
water  pipe  F  (sometimes  one  and  often  several  pipes)  is  taken 
out  from  the  top  of  the  boiler  to  carry  water  to  the  points  at  which 
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Fig.  138.    Common  System  of  Comiection  Between  Kitchen  Boiler  and  Water  Back. 
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it  is  desired  to  draw  it.  The  top  of  the  boiler  is  usually  of  a  dome- 
head  shape,  as  this  makes  it  stronger  than  if  made  with  a  flat  head. 
The  top  should  be  fitted  with  several  couplings  of  suitable  size  for 
connection  with  the  pipe  system  of  the  house. 

With  muddy  water  a  good  deal  of  sediment  and  mud,  forming 
sometimes  an  incrustation,  collect  at  the  bottom  of  the  boiler, 
and  it  becomes  necessary  to  blow  the  water  off  at  times.  This  is 
accomplished  by  arranging  at  the  lowest  point  of  the  pipe,  leading 
from  the  bottom  of  the  boiler  to  the  water  back,  a  sediment  cock, 
K,  to  which  a  hose  may  be  attached  if  it  is  desired  to  blow  ofiF  or 
empty  the  boiler.  This  blow-oflf  pipe  is,  at  times,  connected  to  the 
nearest  waste  pipe,  or  run  into  the  trap  of  the  kitchen  sink,  but  I 
prefer  to  have  absolutely  no  direct  connection  between  a  water 
pipe  and  any  waste  pipe.  I  advise  running  this  emptying  pipe  to  a 
cellar  sink,  or  it  may  be  connected  with  a  refrigerator  waste,  and  thus 
help  to  flush  the  latter  at  desired  intervals.  Often  an  emptying 
cock  is  provided  at  the  bottom  of  the  boiler,  and  if  it  becomes 
necessary  to  open  the  sediment  cock,  a  pail  may  easily  be  placed 
underneath  it,  or  else  a  hose  may  be  attached  to  it,  leading  the  water 
outdoors.  To  prevent  any  outsiders  from  meddling  with  the  cock, 
it  is  advisable  to  remove  its  handle. 

One  objection  to  the  ordinary  form  of  range  and  boiler  connec- 
tion is  that  the  hot  water,  generated  in  the  water  back,  enters  the 
boiler  at  the  side  coupling,  located  at  about  one  fourth  or  one  third 
of  the  height  of  the  boiler  (Fig.  138).  The  heated  water,  when 
the  fire  is  first  started,  must  consequently  pass  through  a  large 
body  of  cold,  or  at  least  colder,  water,  thus  losing  some  of  its  heat. 
As  a  natural  result  it  follows  that  the  entire  boiler  takes  longer  to 
heat  up. 

This  objection  was  overcome  in  the  modification  introduced 
many  years  ago  in  the  "Creque"  boiler,  which  is  so  arranged 
that  the  hot-water  pipe  from  the  water  back  is  carried  directly  to 
the  top  of  the  boiler  (see  Fig.  139).  In  this  way  the  hot  water  does 
not  mix  with  the  cold,  but  gradually  accumulates  at  the  top  of  the 
boiler  and  from  there  downward.  The  result  is  that  a  body  of 
very  hot  water  is  secured  without  any  delay. 

The  cold-water  supply  enters  the  boiler  through  pipe  A,  from  the 
bottom  upwafd.    When  a  faucet  is  opened,  hot  water  is  forced 
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out  at  the  top  of  the  boiler,  and  it  is  not  necessary  to  wait  for  hot 
water  until  the  entire  body  of  water  in  the  boiler  is  uniformly  heated. 

A  further  modification  of  this 
system  is  shown  in  Fig,  140,  which 
is  specially  adapted  for  apartment 
houses,  or  for  situations  where 
it  is  not  desirable  to  have  the  hot- 
water  delivery  at  the  top  of  the 
boiler.  In  this  arrangement  both 
the  hot-water  pipe  D  from  the 
water  back,  and  the  hot-water 
deli\Try  pipe  F,  are  introduced 
from  the  bottom  of  the  boiler  and 
extended  to  near  its  top. 

Much  the  same  arrangement  of 
the  piping  at  the  boiler  is  followed 
where  gas  w^ater  heaters,  such  as 
described  below^  are  attached  to  a 
boiler.  In  fitting  these  up,  it  is 
the  usual  practice  to  extend  the 
hot-water  pipe  up  above  the  top 
of  the  boiler  and  to  intersect  it 
into  the  main  hot- water  riser, 
supplying  the  hot-water  faucets. 
In  this  way  J  hot  water  may  be 
drawn  very  soon  after  the  gas  is  lit. 


Fig.  139.     **Creque"  Kitchen  Boiler  with  Modified  Pipe  Connections. 


The  Brooks  range  boiler  (see  Fig.  141),  made  by  Jas.  B.  Clow  & 
Sons,  is  another  modification  embodying  new  features  in  the  method 
of  connecting  the  pipes.    The  cold  water  enters  the  boiler  through 
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valve  A  at  the  bottom  and  passes  up  into  it  through  pipe  5,  imtil 
at  C  the  direction  of  its  flow  is  reversed  by  an  outer  pipe.  Now 
the  water  flows  downward  and  out  at  £>.  The  water  leaves  the  boiler 
at  pipe  E  and  goes  through  pipe  jF  to  the  water  back,  there  to 
become  heated,  and  returning  thence  to  the  boiler  at  point  and  coup- 
ling G.     Here  it  enters  the  boiler  and  passes  upward  through  the 

pipe  H  to  the  top  of  the  boiler. 
KntLTing  the  boiler  at  K  it  finds 
immediate  outlet  at  £,  from  where 
it  tlows  downward  through  and  out 
lit  U, 

The  tendency  for  the  hot  water 
i^  to  remain  at  the  top.  The  cold 
water,  on  the  other  hand^  has  a  down- 
ward direction  of  flow,  and,  as  its 
natural  tendency  is  to  faU  to  the  bot- 
toraj  the  hot  and  cold  water  practi- 
cally remain  unmixed.  Thus,  as 
soon  as  there  is  any  hot  water  in 
the  top  of  the  boiler,  water  may  be 
drawn  hot  at  any  faucet  in  the  house. 
The  chief  advantage  of  the  Brooks 
boiler  isj  therefore,  that  hot  water  can 
be  drawn  in  a  few  moments  after  a 
fire  is  lighted,  owing  to  the  novel 
method      of      circulation.        Another 


Fig.  140.     Another  Modification  of  Kitchen  Boiler  Connections. 


advantage  is  that  the  pipe  connections  are  on  the  inside  of  the 
boiler  and  so  all  unsightly  pipes  are  done  away  with.  Valve  R  is 
for  emptying  and^cleaning  the  boiler,  and  should  ordinarily  always 
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be  kept  closed.  The  inside  pipes  can  be  easily  withdrawn  for 
repairs.  The  same  style  of  boiler  may  also  be  connected  with  a 
gas  range. 

E[itchen   Boilers   Supplied  from  Tank  Pressure. —  The  pipe  A 
(Fig.  138),  which  supplies  cold  water  to  the  boiler,  may  be  connected 

either  to  the  rising  main,  thus 
supplying  the  boiler  by  direct  or 
street  pressure,  or  else  it  may  be 
a  part  of  the  falling  main,  where 
the  boiler  is  supplied  from  tank 
pressure  (see  Fig.  142).  The 
latter  system  is  far  preferable,  as 
already  indicated,  for  the  follow- 
ing reasons:  If  a  boiler  is  sup- 
plied from  direct  pressure,  the 
danger  always  exists  of  its  leak- 
ing or  bursting  under  a  heavy 
water  pressure,  or  owing  to  re- 
peated shocks  of  water  hammer. 
Moreover,  the  water  back  may 
create  a  large  amount  of  steam, 
if  the  proportion  between  size  of 
water  back  and  capacity  of  boiler 
is  ill  chosen,  and  particularly 
when  the  water  back  is  far  too 
large  for  the  work  it  has  to  do. 
This  will  not  only  cause  the  rum- 
bling noise  so  frequently  encoun- 
tered in  kitchen  boilers,  but,  if 
the  fire  is  very  brisk,  it  may 
bring  with  it  the  danger  of  the 
boiler  bursting. 

Another    danger    to     which 

boilers,  supplied  from  the  street 

pressure,  are  subject,  is  that  of 

collapsing.     This  may  occur  if  a 

water  faucet  is  suddenly  opened,  whereby  the  cold  water  entering  the 

boiler  condenses  the  steam  and  thus  very  suddenly  creates  a  vacuum, 


Fig.  141.     Arrangement  of  Pipe  Connec- 
tions in  the  Brooks  Kitchen  Boiler. 
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whereupon  the  atmospheric  pressure  on  the  outside  exerts  a  crushing  * 
force  on  the  boiler  shell.  The  latter  is  rarely  strong  enough  in  copper 
boilers  to  prevent  their  entire  collapse,  and  this  is  one  of  the  reasons 
why  the  cheaper,  but  stronger,  iron  boilers  are  used  where  houses 
are  supplied  on  the  direct  system.  The  same  accident  may  happen 
to  boilers  if  the  water  is  removed  from  them  by  means  of  the  sediment 
cock,  without  taking  the  precaution  of  opening  the  kitchen-sink 
faucet  in  order  to  prevent  the  creation  of  a  vacuum.  When  water 
is  drawn  off  in  the  street  mains  without  warning  being  given  to  the 
occupiers  of  dwellings  along  the  street,  boilers  supplied  from  the 
street  pressure  frequently  collapse.  If  proper  warning  is  given, 
the  householder  should  not  neglect  to  shut  off  the  house-supply 
pipes  and  to  put  the  fire  out  in  the  range. 

Boiler  Vacuum  and  Safety  Valves.  —  To  prevent  the  bursting 
and  the  collapsing  of  boilers  supplied  directly  from  street  pressure, 
a  combined  vacuum  and  safety  valve  is  sometimes  placed  at  the 
top  of  the  boilers.  The  safety  valve  is  intended  for  the  escape  of 
steam  generated  in  the  water  back  or  boiler,  while  the  vacuum 
valve  is  so  arranged  as  to  admit  air  in  case  a  vacuum  should  occur 
at  the  inside  of  the  boiler.  I  do  not  have  much  faith  in  the  proper 
working  of  such  kitchen-boiler  appendages.  Unlike  the  safety  valve 
of  a  steam  boiler,  such  a  device  is  not  constantly  looked  after, 
nor  is  it  sufficiently  often  put  into  operation,  hence  the  valve  is  very 
liable  to  stick  just  at  the  time  when  it  is  required  to  blow  off  steam. 
In  short,  the  arrangement  cannot  be  recommended,  as  it  is  rarely 
efficient,  and  gives  rise  to  a  false  sense  of  security.  In  my  judg- 
ment, kitchen  boilers  ought  always  to  be  supplied  from  tank  pressure. 

Fig.  142  illustrates  the  proper  system  of  arranging  the  pipes 
for  a  boiler  supplied  from  a  tank.  The  tank  is  shown  located  on 
the  highest  floor  of  the  house  —  though  it  is  more  often  placed  on 
the  roof.  It  has  a  ball-cock  supply,  a,  an  overflow  and  a  blow-off 
pipe,  cistern  valve  and  air  tube  on  the  falling  main,  b,  and  pull, 
lever  and  crank.  The  black  lines  indicate  cold-water  pipes,  a 
being  the  rising  main,  b  the  falling  main,  supplying  the  boiler. 
Pipe  c  is  the  rising-hot-water  main,  i.e.,  the  pipe  leading  the  hot 
water  from  the  top  of  the  boiler  to  the  fixtures  on  the  upper  floors. 

Steam-relief  or  Expansion  Pipe. —  An  essential  feature  of  the 
tank-supply  system  is  the  steam-escape  or  relief  pipe  d  for  the  kitchen 
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Fig.  142.     Arrangement  of  Kitchen  Boiler  Connections  from  Tank  Supply. 
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boiler.  This  is  simply  an  extension  of  the  hot-water  rising  main 
to  a  point  carried  well  above  the  water  level  in  the  tank,  which 
is  there  bent  over,  its  end  remaining  open  for  the  escape  of  hot 
water  or  steam  into  the  tank.  It  is  necessary  that  this  escape  pipe 
be  carried  to  some  height  over  the  tank,  as  the  hot  water  stands 
higher  }n  the  pipes  than  the  cold-water  level  in  the  tank,  owing  to 
expansion.  If  this  is  not  done,  there  is  danger  of  the  hot  water 
flowing  over  into  the  house  tank. 

The  object  of  the  expansion  pipe  is  twofold.  In  the  first  place 
it  renders  the  boiler  safe  against  explosion,  as  any  surplus  of  steam 
generated  in  the  water  back  can  readily  escape  at  the  open  end  of 
the  relief  pipe.  Secondly,  it  efficiently  prevents  the  collapsing 
of  a  boiler,  as  it  serves  to  admit  air  to  the  boiler  in  case  the  water  is 
drawn  out.  It  is  usual  to  make  the  steam-escape  pipe  of  a  small 
diameter,  but  I  much  prefer  to  retain  for  it  the  full  diameter  of  the 
hot-water  rising  main.  This  increases  the  expense  a  trifle,  but  it 
also  adds  to  the  security  of  the  boiler. 

One  of  the  advantages  of  the  tank  over  the  direct-supply  system 
to  kitchen  boilers  is  that  it  permits  the  use  of  a  steam-escape  or 
relief  pipe,  for  where  no  tank  is  used  there  can  be  no  relief  pipe. 
The  substitute  for  this  device,  consisting  in  the  above-described 
boiler  vacuum  and  safety  valve,  placed  on  the  top  of  street-pressure 
boilers,  is  not  nearly  as  good. 

Return  Circulation. —  Another  pipe  (marked  e  in  Fig.  142) 
is  often  run  from  the  hot-water  pipe  supplying  the  highest  fixture 
in  the  house  back  into  the  bottom  of  the  boiler.  This  is  called  a 
return  or  circulation  pipe.  Its  object  is  to  enable  a  person  to  draw 
hot  water  almost  instantly  from  any  faucet  situated  at  a  great  dis- 
tance from  the  kitchen  boiler.  If  the  hot-water  pipe  stops,  as  it 
usually  does  in  ordinary  house  plumbing,  at  the  highest  fixture, 
the  hot  water  contained  in  the  long  stretch  of  pipe  soon  loses  its 
heat,  and  it  becomes  necessary  to  allow  a  more  or  less  large  amount 
of  water  to  run  to  waste  before  obtaining  hot  water.  By  adding 
the  return-flow  pipe  e,  a  constant  circulation  is  kept  up  in  the  hot- 
water  distribution  system,  the  water  flowing  back  to  the  boiler 
through  this  pipe  as  it  cools,  and  being  constantly  replaced  by  hot 
water  rising  from  the  top  of  the  boiler. 

Another  important  advantage  of  the  return-circulation  pipe  is 
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that  it  prevents  waste  of  water  in  houses,  inasmuch  as  the  faucets 
need  not  be  kept  running  to  draw  out  the  water  which  has,  by  stand- 
ing in  the  pipes,  become  cooled.  Still  another  advantage  is  that 
it  tends  to  maintain  a  more  even  temperature  in  the  hot-water  boiler, 
and  also  that  it  relieves  the  boiler  from  any  undue  pressure  due  to  the 
water  getting  too  hot. 

Explosion  of  Water  Backs. —  There  is  one  danger  to  which  hot- 
water  apparatus  of  all  kinds  is  subject,  and  that  is  the  bursting 
of  the  water  back  in  winter  time.  One  frequently  encounters  in 
newspapers  accounts  of  such  explosions,  which  are  often  the  cause 
of  serious  injuries  to  the  kitchen  servants  or,  at  least,  of  damage  to 
property.  Such  accidents  are  liable  to  occur  whether  a  boiler 
is  supplied  from  direct  pressure  or  from  a  tank,  and  they  can  be 
prevented  only  by  some  intelligent  care  on  the  part  of  the  house- 
holder. The  reason  for  such. an  explosion,  which  very  often  causes 
the  entire  destruction  of  the  cooking  range,  is  a  very  simple  one. 

If  the  kitchen  fire  is  allowed  to  go  out  on  a  very  cold  night,  particu- 
larly if  the  kitchen  is  much  exposed,  the  water  in  the  water  back 
and  the  connecting  pipes  may  freeze.  If  the  fire  is  lighted  in  the 
morning,  steam  is  generated  in  the  water  back,  and,  inasmuch  as 
the  circulation  is  interrupted  and  the  steam  has  no  exit  from  which 
to  escape,  a  powerful  pressure  is  exerted  upon  the  water  back 
until  it  finally  explodes  with  great  violence.  It  should  be  under- 
stood that  neither  vacuum  nor  safety  valve,  nor  the  expansion  pipe 
of  the  tank-supply  system,  render  the  system  free  from  the  danger 
of  this  accident. 

The  only  sure  way  to  prevent  the  occurrence  of  such  a  disaster 
is  to  keep,  on  cold  nights,  a  fire  going  in  the  range,  so  as  to  maintain 
the  circulation  of  water  through  the  water  back.  If  the  fire  should 
accidentally  or  carelessly  be  allowed  to  go  out  in  winter  time,  it 
may  be  a  wise  precaution  to  ascertain  in  the  morning,  before  lighting 
a  fire,  if  the  water  is  frozen  in  the  connecting  pipes  between  the 
boiler  and  the  water  back.  This  can  be  done,  when  the  pipes  are 
properly  arranged,  by  opening  the  sediment  cock,  which  should 
be  placed  close  to  the  range.  As  long  as  water  is  delivered  from 
it,  it  is  very  probable  that  the  water  in  the  water  back  is  not  frozen, 
as  the  freezing  would  begin  at  the  pipes,  not  at  the  water  back, 
for  the  range  is  apt  to  retain  some  of  its  heat  for  a  long  time. 
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Material  of  Elitchen  Boilers. —  Kitchen  boilers  are  made  of  riveted 
wrought  iron  and  of  copper.  If  of  iron  they  are  always  galvanized, 
in  order  to  prevent  the  iron  from  rusting.  If  of  copper  they  are 
tinned  on  the  inside.  In  neither  case  should  water  for  culinary 
operations  be  drawn  from  a  boiler. 

As  commonly  made,  galvanized-iron  boilers  are  able  to  withstand 
a  heavier  pressure  than  copper  boilers;  for  this  reason  they  are 
usually  selected  wherever  the  supply  is  directly  from  tank  pressure. 
There  is  very  little  danger  of  such  a  boiler  collapsing.  I,  however, 
much  prefer  a  copper  boiler,  which  can  also  be  had,  although  at  a 
greater  expense,  of  sufficient  strength.  Such  a  boiler  should  always 
be  subjected  to  a  heavy-pressure  test  before  being  put  to  use.  If 
supplied  from  a  tank  under  a  uniform  and  moderate  pressure,  as  is 
preferable  for  reasons  already  stated,  and  if  arranged  as  above 
recommended,  and  as  shown  in  Fig.  142,  it  is  free  from  the  danger 
of  collapsing  or  bursting.  Boilers  should  be  set  on  a  galvanized 
cast-iron  boiler  stand,  of  such  a  height  as  to  bring  the  bottom  of 
the  boiler  slightly  above  the  lower  water-back  connection. 

The  size  of  the  kitchen  boiler  depends  upon  the  number  of  plumb- 
ing fixtures  to  be  supplied  with  hot  water;  also,  to  some  extent,  upon 
the  size  of  the  range  and  water  back.  A  large  water  back  requires 
a  large  boiler  to  avoid  the  undue  generation  of  steam  and  the  quick 
wearing-out  and  cracking  of  the  hot-water  pipes  near  the  dome- 
head  of  the  boiler. 

In  some  cases  it  has  been  found  advantageous  to  cover  the  kitchen 
boiler  with  non-conducting  covering.  This  retains  the  heat  in  the 
water,  and  also  tends  to  keep  the  kitchen  cooler.  If  the  covering 
is  neatly  applied,  it  does  not  necessarily  mar  the  appearance  of  the 
boiler  in  the  kitchen. 

Hot-water  Supply  from  Two  Boilers. —  Larger  houses  often  have 
two  hot-water  boilers,  one  in  the  kitchen,  the  other  in  the  laundry. 
Sometimes  the  laundry  boiler  is  intended  for  hot-water  supply  to 
the  laundry  tubs  only,  but  in  many  cases  the  two  boilers  are  cross- 
connected,  so  as  to  supplement  each  other.  This  arrangement 
works  well  as  long  as  a  fire  is  made  each  day  both  in  the  kitchen 
and  in  the  laundry.  If  there  is  no  fire  in  the  laundry  stove,  the 
water  drawn  at  hot-water  faucets  will  be  a  mixture  of  hot  and 
cold  water,  imless  a  valve  is  closed  to  shut  oflF  the  laundry  boiler. 
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Such  round  water  heaters  are  of  many  .dififerent  makes.  One 
heater  of  this  type,  illustrated  in  Fig.  147,  consists  of  a  vertical 
cylinder  or  water  chamber  containing  many  tubes  placed  on  the 
inside  in  a  perpendicular  position.  A  large  atmospheric  gas  burner 
is  placed  at  the  bottom,  and  the 
heat  from  the  gas  passes  upwards 
the  entire  length  of  the  tubes. 
The  cold  water  enters  the  upper 
chamber  and,  passing  down 
through  the  inner  tubes,  returns 
through  the  outside  tubes  and, 
after  passing  through  the  lower 
chamber,  it  flows  heated  from  the 
top  of  the  heater.  The  sectional 
view%  Fig.  148,  explains  clearly 
the  working  of  the  heater. 

When  set  up  alongside  of  the 
boiler,  these  heaters  do  not  occupy 
much  space  and  the  pipe  connec- 
tions can  be  readily  made.  The 
heaters,  although  small,  have  a 
very  large  inner  heating  surface. 
The  outside  jacket  is  of  planished 
steel,  the  inner  of  cold-rolled  steel 
and  lined  with  asbestos,  as  is  also 
the  outside  jacket,  with  an  air 
space  between.  In  this  way  the 
loss  of  heat  by  radiation  is  much 
reduced.  The  gas  burner  is 
specially  designed  for  the  heater 
and  adjusted  to  consume  the  right 
amount  of  gas  to  obtain  good 
heating  results.  These  heaters  are 
made  in  several  sizes,  to  be  in 

proportion  to  the  capacity  of  the  boiler.  Where  the  boiler  exceeds 
eighty  gallons  capacity  these  types  of  heaters  are  not  so  well 
adapted.  In  all  cases  the  hot-water  connection  to  the  boiler 
should  be  made  at  the  top,  as  explained  in  Fig.   139,  in  order 


Fig.    147.'    Eclipse   Gas   Water   Heater 
Attached  to  Kitchen  Boiler. 
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to  draw  hot  water  quickly  without  having  to  wait  until  the  boiler 
is  heated. 

The  third  type  of  gas  water  heater  may  be  described  as  an  inde- 
pendent and  automatic  gas  heater,  which  is  usually  fitted  up  in  the 
cellar,  and  connected  with  the  main  hot-water  lines  of  the  house. 


Fig.  148.     Section  of  Eclip>se  Gas  Heater  for  Kitchen  Boiler. 


Besides  the  two  principal  makes  of  these  heaters,  the  Pittsburgh 
and  the  Ruud  heaters,  which  I  shall  describe  and  illustrate  in  the 
following,  there  are  a  number  of  other  similar  apparatus.  It  is 
claimed  that  with  an  automatic  gas  water  heater  in  a  house,  hot 
water  in  abundance  may  be  obtained,  night  or  day,  by  simply 
turning  a  hot-water  faucet  at  any  of  the  fixtures  where  hot  water  is 
drawn. 
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Gas  water  heaters  are  portable  and  hence  may  be  set  up  or  re- 
moved ahnost  as  readily  as  any  gas  stove.  The  construction  and  oper- 
ation of  these  heaters  is  very  simple  and  ingenious.  The  exterior 
is  usually  of  cast  iron  (see  Fig.  149),  while  the  inside  consists  of  a 
long  line  of  copper  tubing,  coiled  inside  of  an  iron  jacket  (Fig.  150). 


Fig.  149.     View  of  Pittsburgh  Gas  Water  Heater.     Closed. 

This  copper  pipe  coil  is  placed  over  a  special  gas  burner  in  such 
a  manner  as  to  utilize  all  the  heat  generated  by  the  burning  gas. 

Attached  to  the  coil  at  one  end  and  to  the  gas  burner  at  the  other, 
is  placed  a  patented  graduating  valve  (Fig.  151),  a  combined 
water  and  gas  valve,  so  constructed  that  the  flow  of  water  through 
It  raises  the  gas  valve,  allowing  the  gas  to  pass  into  the  burner  to 
heat  the  water  in  the  copper  coil.     The  closing  of  the  faucet  shuts 
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off  the  gas  the  instant  the  water  is  no  longer  being  drawn.  A 
special  feature  of  this  automatic  valve  is  the  graduating  of  the  flow 
of  gas  to  the  flow  of  water,  so  that  the  temperature  of  the  water  is 
always  uniform,  while  economy  in  the  use  of  gas  is  effected.  The 
gas  burner  has  a  special  pilot  light,  which  is  kept  burning -and  is 


Fig.  150,     View  of  Pittsburgh  Gas  Water  Heater.     Open. 


always  ready  to  ignite  the  gas  from  the  main  burner  when  the  water 
turns  it  on. 

The  heater  may  be  set  up  in  any  convenient  place,  but  is  usually 
located  in  the  cellar.  The  required  water  and  gas  connections  of 
proper  size  are  made  to  it;  either  artificial  or  natural  gas  may  be 
burned.  When  a  hot-water  faucet  in  the  house  is  turned  open  a 
flow  of  water  is  started  through  the  heater,  which  turns  on  the  full 
gas  supply,  ignited  by  means  of  the  pilot  light,  and  almost  instantly 
hot  water  flows  at  the  faucet. 

Coal  is,  of  course,  a  cheaper  fuel  than  gas  where  heat  is  con- 
tinuously wanted,  for  it  contains  more  heat  units  than  the  heat  units 
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of  a  gas  supply  equivalent  in  price.  Yet,  where  heat  is  wanted  only 
intermittently  and  for  a  short  period  of  time,  gas  is  the  cheaper 
fuel.  A  large  part  of  the  heat  generated  in  burning  coal  for  domestic 
purposes  goes  to  waste  in  the 
chimney  flue,  while  another  part 
heats  up  the  kitchen  unneces- 
sarily, to  the  great  discomfort 
of  its  occupants. 

The  ordinary  kitchen  boiler 
consumes  large  quantities  of  coal 
to  warm  its  contents,  and  during 
many  hours  it  cools  off  without 
having  performed  useful  work. 
This  alternate  heating  and  cool- 
ing keeps  up  day  and  night  and 
is  necessarily  uneconomical. 

Where  large  quantities  of  hot 
water  are  required  at  one  time,  as 
in  residences  with  more  thanooid  wat^r 
two  bathrooms,  the  heater 
should  be  used  in  connection  with 
a  hot-water  storage  tank,  other- 
wise it  will  not  give  satisfaction. 

The  Ruud  automatic  instan- 
taneous gas  water  heater,  shown 
in  illustrations,  Figs.  152  and 
153,  is  another  appliance  using 
gas  for  heating  water.  Its  dis- 
tinguishing feature  is  the  thermo- 
stat which  controls  the  gas  valve. 

Fig.     152     shows    the    outside  ^^^-  'Si-     Section  of  Automatic  Gas  and 
-      .         ,  ,  Water  Valve  for  Gas  Heater. 

appearance  of  the    heater    and 

Fig.  153  its  interior,  showing  the  copper  heating  coil,  the  detach- 
able gas  burners,  and  the  pipe  connections.  It  consists  essentially 
of  a  series  of  copper  coils,  enclosed  in  a  cast-iron  stove  jacket,  and 
of  a  series  of  pbwerful  gas  burners  placed  under  the  coils.  The 
water-pressure  valve  automatically  turns  on  the  gas,  which  lights 
from  a  pilot  light  constantly  kept  burning,  whenever  a  hot-water 
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faucet  is  opened  in  the  house,  and  the  thermostat  regulates  the  flow 
of  gas  to  the  burners  and  hence  the  temperature  of  the  hot  water 
obtained.  The  gas  burns  only  as  long  as  the  hot-water  faucet  is 
kept  open,  and  its  closing  also  shuts  off  the  gas  supply  (except  to  the 
pilot  light). 

It  is  claimed  that  with  ordinary  city  gas,  of  650  B.T.U.,this  heater 
yields  I  gallon  of  hot  water  (at  150*^  F.)  for  i  cubic  foot  of  gas 
consumed.    If  gas  costs  80  cents  per  1000,  one  obtains 

I  gallon-  for  yf  ly  cent  or 
I2i  gallons  for  i  cent. 

If  100  gallons  of  hot  water  are  used  daily  in  a  household,  this 
means  an  expenditure  of  from  $2.40  to  $3.50  per  month. 

Where  natural  gas  is  supplied  at  20  cents  per  1000  cubic  feet, 
it  costs  but  2  cents  to  heat  100  gallons. 

It  is  claimed  that  the  pilot  light  burns  only  about  30  cents'  worth 
of  gas  per  month.  The  gas  water  heater  utilizes  about  80  per  cent 
of  the  heat  of  the  gas,  and  is  therefore  very  economical. 

The  Ruud  heater  is  made  in  four  sizes,  of  capacities  of  3,  4,  6 
and  8  gallons  per  minute,  the  No.  4  being  the  standard  size  for  a 
house  with  i  bathroom,  laundry  and  kitchen,  and  the  No.  8  being 
adapted  for  a  house  with  3  to  6  bathrooms,  pantry,  kitchen  and 
laimdry. 

In  the  so-called  Ruud  automatic  reheating  system  a  gas  heater 
placed  in  the  basement  or  cellar  is  used  in  connection  with  a  kitchen 
boiler,  heatefl  from  the  range.  The  water  flows  from  the  kitchen 
boiler  to  the  gas  heater;  if  water  from  the  kitchen  boiler  is  sufficiently 
hot,  the  gas  is  not  lighted  in  the  heater,  or,  rather,  the  opening  of 
the  hot-water  faucet  opens  the  gas  valve,  but  the  thermostat  closes 
it  again  almost  instantly.  If  the  temperature  of  the  hot  water  is 
below  140*^  F.,  the  Ruud  heater  automatically  turns  on  just  enough 
gas  to  bring  the  water  up  to  140*^  F.  In  this  way  the  desirable 
features  of  both  are  combined. 

Wherever  very  large  quantities  of  hot  water  are  required,  the 
Ruud  heater  should  be  used  in  connection  with  a  large  storage 
tank  for  hot  water.  In  this  case  the  coil  used  is  a  so-called  multi- 
copper  coil  of  special  construction,  with  coils  varying  from  |  inch 
diameter  at  the  top  to  i  inch  diameter  at  the  bottom. 
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For  the  heating  of  very  large  storage  tanks,  two  heaters  are  some- 
times used  jointly  in  the  so-called  Ruud  Duplex  system.  Some- 
times the  tanks  contain  copper  steam  coils  and  are  heated  in  winter 
time  by  steam,  while  for  summer  use,  when  no  steam  is  available, 
gas  is  utilized  for  warming  the  water.  To  prevent  undue  loss  of  heat 
from  radiation,  the  tank  should  be  covered  in  the  best  manner  with 
non-conducting  covering. 

Material  for  Service  and  Supply  Pipes. —  Several  kinds  of  pipe 
are  available  for  the  distribution  of  water  in  a  house.  Those  in 
more  general  use  are  pipes  of  lead  and  of  wrought  iron  or  steel. 
Lead  pipe  may  be  either  plain,  or  else  tin-lined.  Pipes  of  wrought 
iron  and  steel  may  be  plain,  or  dipped  into  and  coated  with  zinc 
(so-called  galvanized  pipes),  or  coated  with  asphalt  or  black  enamel; 
some  years  ago  such  pipes  were  treated  by  the  Bower-Barff  rustless- 
iron  process,  or  they  were  lined  with  cement;  finally  there  are  tin- 
lined  and  kalameined  wrought-iron  pipes. 

Brass  pipes  are  used  quite  frequently,  and  copper  pipes  to  some 
extent,  as  are  also  pipes  made  of  pure  block  tin.  In  the  best  kind 
of  modem  plumbing  work  annealed  brass  pipe,  tinned  on  the 
inside,  is  used  in  preference  to  iron  pipe,  whereas  lead  pipe  is 
almost  entirely  done  away  with.  Other  kinds  not  often  met  in 
actual  practice  are  the  gutta-percha,  the  paper,  the  glass-lined  and 
the  rubber-coated  wrought-iron  pipes.  Cast-iron  service  pipes  are 
used  only  in  sizes  above  two  inches  in  bore  and  principally  for 
the  supply  of  large  public  buildings,  hotels,  railroad  stations,  etc. 

Lead  Pipe. —  Probably  no  material  has  been  used* more  exten- 
sively in  the  past  than  drawn  lead  pipes  for  water  service.  Formerly, 
lead  pipes  were  made  by  drawing  the  material  over  dies.  It  is  now 
usual  to  melt  the  lead  in  a  suitable  vessel  and  to  pour  it  into  a  kind 
of  hydraulic  press,  wherein  the  lead  is  first  allowed  to  cool.  It  is 
then  forced  through  an  aperture  in  the  bottom  of  the  press  cylinder, 
corresponding  in  size  to  the  desired  outer  diameter  of  the  pipe, 
and  over  an  iron  core  of  the  desired  inner  pipe  diameter.  The 
finished  pipe  is  rolled  up  in  coils  of  various  lengths,  depending 
upon  the  capacity  of  the  hydraulic  press. 

The  chief  advantages  of  lead  pipe  are  the  facility  with  which  it 
is  handled  and  bent  to  suit  all  positions,  the  easiness  with  which 
connections  and  repairs  are  made,  the  comparatively  small  number 
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of  joints  required,  and  its  cheapness  and  durability.  Among  dis- 
advantages I  mention  the  fact  that,  owing  to  its  weight,  lead  pipe 
is  apt  to  sag  unless  the  pipe  is  carefully  and  continuously  supported, 
especially  so  on  horizontal  runs,  and  more  so  with  hot-  than  with 
cold-water  pipes,  owing  to  the  expansion  of  the  metal  due  to  changes 
of  temperature.  Lead  pipe  is,  moreover,  very  easily  injured  by 
external  pressure,  by  blows  from  a  hammer,  or  by  the  driving  of 
nails  into  it,  as  well  as  by  the  gnawing  of  rats. 

The  chief  objection  to  lead  as  a  material  for  water  pipes  is  a 
sanitary  one.  It  arises  from  the  fact  that  certain  waters,  notably 
soft  waters  and  those  containing  much  oxygen,  attack  the  lead 
vigorously  and  dissolve  a  sufficient  amount  to  cause  dangerous  lead 
poisoning.  As  this  is  a  chemical  rather  than  a  purely  engineering 
question,  I  quote  the  recent  opinion  of  a  chemist,  th^  late  Prof.  W. 
Ripley  Nichols  of  the  Massachusetts  Institute  of  Technology,  an 
authority  on  the  subject. 

"Various  waters  act  very  differently  upon  lead,  some  corroding  it  rapidly, 
others  to  a  very  slight  extent  only,  under  similar  circumstances.  The  cause  of 
the  corrosion  is  to  be  sought  in  the  dissolved  oxygen,  of  which  all  water  contains 
more  or  less,  and  in  certain  saline  substances,  the  presence  of  which  deter- 
mines a  more  violent  action.  It  is  generally  felt,  for  instance,  that  the  presence 
of  nitrates,  nitrites  and  ammoniacal  salts  increases  the  action  of  the  water  on 
lead,  while  carbonates,  sulphates  and  notably  phosphates  hinder  such  action." 

This  question  is  of  the  greatest  moment  in  the  case  of  an  inter- 
mittent supply,  in  which  the  pipes  are  left  empty  for  many  hours, 
in  which  case  the  ox}'gen  of  the  air  probably  causes  a  much  stronger 
and  quicker  corrosion  of  the  pipe.  Where  pipes  are  constantly 
kept  full  of  water  —  and  this  is  the  system  almost  universally 
adopted  in  American  cities,  as  has  been  referred  to  in  the  intro- 
duction to  this  chapter  —  the  corrosion  takes  place  largely  when 
the  pipes  are  first  put  into  use,  while  soon  afterward  they  become 
covered  with  a  white  protective  coating,  which  is  not  easily  dissolved 
by  the  water  and  prevents  any  injurious  contaminating  effects. 
The  origin  of  this  white  lining,  which  upon  analysis  is  found  to 
consist  largely  of  carbonate  of  lead,  is  explained  by  chemists  as 
follows:  The  oxide  of  lead,  formed  by  the  chemical  action  of 
the  oxygen  contained  in  the  water  upon  the  lead,  combines  after  a 
while  with  the  carbonic  acid  in  the  water  or  with  the  bicarbonate 
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which  it  contains,  to  form  carbonate  of  lead,  which  adheres  as  an 
insoluble  coating  to  the  inside  of  pipes.  After  the  pipes  become 
coated  in  this  manner,  the  corrosive  action  practically  ceases. 

Some  doubt  remains,  however,  as  to  whether  the  action  of  a 
water  on  lead  ever  ceases  entirely.  It  is,  therefore,  much  to  be 
recommended,  as  a  measure  of  safety  when  drawing  water  from 
lead  pipes  for  drinking  or  culinary  purposes,  always  to  let  a  suffi- 
cient amount  pass  through  the  pipes  and  run  to  waste.  This 
rule  should  be  particularly  observed  when  drawing  water  in  the 
morning  after  it  has  stood  all  night  in  lead  pipes.  In  the 
case  of  newly-put-in  lead  pipes  this  precaution  should  never  be 
neglected. 

Some  chemists  recommend  to  be  particularly  cautious  in  the  case 
of  lead  pipes  tised  for  hot  water,  and  advise  never  to  use  for  drink- 
ing or  for  cooking  purposes  water  which  has  stood  hot  in  the  pipes. 
In  the  case  of  cold  water  there  is  also,  undoubtedly,  some  danger 
in  using  lead  for  suction  pipes  in  cisterns  containing  soft  rain 
water  or  in  wells  with  moderately  hard  water.  'In  both  cases  a 
considerable  length  of  the  pipes  may  be  exposed  to  air  and  water 
alternately,  owing  to  fluctuations  in  the  level  of  the  water  in  both 
wells  and  cisterns,  and  the  corrosion  may  be  a  very  rapid  one. 
Very  hard  waters  do  not  act  much  on  lead  provided  the  pipes  are 
kept  full,  but  even  in  their  case  lead  pipes  should  not  be  employed 
for  suction  pipes  from  wells. 

After  a  careful  review  of  the  testimony  of  chemists,  I  think  it  may 
be  safely  stated  that  the  danger  from  using  lead  pipes  for  water 
distribution  in  houses  has  been  somewhat  exaggerated,  and  that 
unnecessary  alarm  and  prejudice  was  created  in  many  cases. 
With  a  moderately  hard  water,  and  with  proper  precautions  in  its 
use,  no  danger,  in  my  judgment,  need  be  apprehended  from  the  use 
of  lead  pipes.  As  a  matter  of  precaution  against  external  corrosion 
lead  pipes  should  not  be  laid  in  damp  soil  containing  much  lime, 
nor  should  they  come  in  contact  with  cement. 

Coated  Lead  Pipes. —  Various  means  have,  from  time  to  time, 
been  suggested  to  cover  the  inside  of  lead  pipes  with  a  protective, 
insoluble  and  durable  coating.  The  use  of  parafl^ne  has  been  pro- 
posed for  this  purpose.  Professor  WolfiFhugel  mentions  the  appli- 
cation of  a  solution  of  sulphide  of  potassium  or'  sodium,  which 
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causes  the  pipes  to  be  covered  with  a  film  of  insoluble  sulphide  of 
lead. 

Another  method  of  chemical  protection  consists  in  filling  lead 
pipes  with  a  weak  solution  of  phosphate  of  soda,  which  soon  com- 
bines with  the  lead  to  form  a  protective  coating  of  insoluble  phos- 
phate of  lead. 

Tin-lined  Lead  Pipe. —  The  best  mechanical  lining  for  lead 
pipes  of  which  I  have  knowledge  is  tin.  Tin-lined  lead  pipes, 
sometimes  called  lead-encased  tin  pipes,  are  now  in  extensive  use 
in  the  United  States,  but  particularly  so  in  Germany,  where  this 
kind  of  pipe  is  called  "  Mantelrohr,"  and  has  largely  displaced 
the  ordinary  lead  pipe.  A  tin  lining,  it  is  true,  is  also  acted  upon 
by  water,  but  only  very  slowly,  and  the  substances  formed  are 
insoluble  and  harmless.  Exposed  to  the  air,  tin  oxidizes  very  slowly 
at  ordinary  temperatures.  The  name  given  to  the  pipe  is  to  some 
extent  misleading,  for  it  is  not  a  lead  pipe  coated  with  a  mere  thin 
lining  of  tin.  Such  pipes  have  been  sometimes  sold,  but  they  are 
not  a  satisfactory  nor  a  durable'  article. 

In  a  well-made  tin-lined  pipe  the  tin  lining  forms  a  continuous 
independent  and  uniformly  thick  tube  within  the  lead  pipe.  The 
tin  should  not  be  forced  upon  the  lead  by  heat,  as  an  alloy  may  then 
be  formed,  which  would  render  the  lining  objectionable.  The 
two  pipes  should  simply  be  joined  under  a  strong  pressure.  Such 
tin-lined  pipes  can  be  as  easily  handled  as  lead  pipes.  Owing  to 
their  supposed  greater  strength  they  were  at  first  made  somewhat 
lighter  than  plain  lead  pipes,  but  it  is  advisable  to  use  tin-lined  pipes 
of  the  same  weight  as  ordinary  pipes.  In  their  outside  appearance 
they  do  not  differ  from  ordinary  lead  pipes  except  by  having  put 
on  them,  in  the  course  of  manufacture,  as  a  mark  by  which  to 
distinguish  them,  a  number  of  slightly  raised  longitudinal  ribs  or 
corrugations. 

Such  pipe  is  more  expensive  in  first  cost  than  lead  pipe,  and  it 
also  requires  greater  care  in  making  the  joints.  A  careless  work- 
man, in  wiping  a  joint  in  the  usual  manner,  is  very  apt  to  scrape 
off  the  protective  tin  lining,  thus  exposing  portions  of  the  lead  pipe. 
It  is  a  fact  established  by  scientific  investigation  that  lead  is  more 
easily  corroded  by  water  in  the  presence  of  other  metals,  such  as 
iron,  zinc,  or  tin,  and  this  is  explained  as  being  caused  by  a  galvanic 
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action  which,  it  is  thought,  takes  place  when  two  metals  are  placed 
side  by  side  in  water.  To  avoid  the  danger  of  imperfect  joints, 
special  tinned  brass  ferrules  or  couplings  and  Tee  branches  are  sold 
,  by  the  manufacturers  with  the  tin-lined  lead  pipe,  but,  so  far  as  my 
observation  goes,  they  are  not  used  much. 

Block-tin  Pipes. —  Pipes  made  of  pure  block  tin  in  the  same 
naanner  as  drawn  lead  pipes  have  been  used  in  houses  to  a  limited 
extent.  From  a  sanitary  point  of  view  no  objection  can  be  raised 
against  them.  They  are,  however,  more  difficult  to  handle  and 
are  very  much  more  expensive  than  tin-lined  pipes,  without  offering 
corresponding  advantages,  except  in  the  case  of  suction  pipes 
for  wells  and  cisterns,  for  which  purpose  they  are  superior  to  the 
lead  and  the  lead-encased  tin  pipes.  The  exterior  of  the  latter, 
it  should  be  remembered,  if  used  in  wells  or  cisterns,  is  apt  to  con- 
taminate the  water.  Some  chemists  warn  against  the  use  of  block- 
tin  or  tin-lined  pipes  for  hot-water  distribution,  claiming  that  tin 
is  very  sensitive  to  heat.  It  is  also  best  not  to  use  block-tin  pipes 
in  moist  ground,  where  they  are  often  corroded  more  rapidly  than 
plain  lead  or  tin-lined  lead  pipe. 

Wrought-iron  and  Steel  Pipes. —  Ordinary  wrought-iron  and  steel 
service  pipes  are  manufactured  at  the  rolling  mills  from  wrought- 
iron  bars  bent  up  by  means  of  machines  to  a  circular  shape.  In 
the  small  sizes  the  ends  are  butted  against  each  other  and  welded 
together;  in  pipes  of  larger  diameter  the  longitudinal  seams  are 
lapped  over.  Before  leaving  the  works  all  pipes  are  tested  with  a 
pressure  varying  from  300  to  500  and  even  more  pounds  per  square 
inch. 

Plain  wrought-iron  pipes  would  be  well  adapted  for  carrying 
water  but  for  the  fact  that  they  are  perishable,  being  rapidly  oxidized 
by  the  action  of  water,  especially  of  soft  water  charged  with  much 
oxygen.  They  are  particularly  objectionable  for  an  intermittent 
system  of  water  distribution,  as  they  quickly  rust  internally  when 
exposed  to  the  air  in  a  wet  or  moist  condition.  They  are  also  easily 
corroded  externally  when  laid  in  a  wet  or  damp  soil,  or  in  soil  im- 
pregnated with  acids  or  chemical  refuse;  they  are  likewise  much 
attacked  if  laid  under  water,  as  in  wells  or  cisterns,  or  if  run  through 
rooms  containing  an  atmosphere  highly  saturated  with  moisture. 

While  oxide  of  iron,  commonly  known  as  iron  rust,  is  unobjec- 
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tionable  from  a  sanitary  point  of  view,  the  taste  of  the  water  becomes 
unpleasant,  it  is  thereby  rendered  unfit  for  culinary  purposes,  and 
there  is  besides  the  great  drawback  that  linen  is  marked  by  yellow 
stains  due  to  the  iron  rust,  which  are  not  easily  removed.  In  the 
case  of  pipes  of  smaller  size  obstructions  frequently  occur  ow^ing 
to  the  accumulation  of  rust,  which  may  seriously  interfere  with  the 
free  flow  of  water. 

The  advantages  of  wrought-iron  service  pipes  from  an  engineering 
point  of  view,  on  the  other  hand,  are  many,  chiefly  amongst  them 
being  the  strength  of  the  pipe  in  resisting  high  interior  pressure, 
as  well  as  in  not  being  easily  hurt  by  blows  from  the  outside,  and  not 
being  liable  to  damage  by  careless  driving  of  nails,  etc.  Wrought- 
iron  pipes  may  be  carried  horizontally  in  pipe  hangers  and  do  not 
require  continuous  supports  to  prevent  sagging;  they  are  also  quickly 
and  permanently  put  together  by  screw  joints.  Add  to  this  the 
cheapness  of  the  smaller  sizes,  and  it  may  be  understood  why  many 
claim  that  wrought-iron  pipes  are  superior  to  lead  pipes. 

Wrought-iron  and  steel  pipes  are  made  in  all  sizes,  from  J  inch 
upward  to  20  inches,  and  in  three  grades  or  weights,  known  respec- 
tively as  the  standard,  the  extra-strong  and  the  double  extra-strong 
pipe.  In  the  two  heaviest  grades  the  extra  thickness  is  put  on  the 
inside  and  thus  decreases  the  inside  diameter,  whereas  the  outside 
diameter  remains  the  same  as  that  of  standard  pipes. 

During  the  past  decade  the  pipe  mills  have  manufactured  largely 
steel  pipes,  although  these  are  sold  as  "wrought-iron"  pipe.  It  is 
very  difficult,  even  for  an  expert,  to  distinguish  between  the  two 
kinds  by  a  mere  inspection.  There  are  only  two  ways  to  tell 
whether  a  pipe  is  of  steel  or  of  genuine  wrought-iron:  one  is  to 
submit  a  sample  piece  of  the  pipe  to  a  chemical  analysis,  the  other 
is  to  cut  and  thread  the  pipe  in  a  hand-cutting  and  threading  ma- 
chine. It  will  be  found  that  the  steel  pipe  contains  more  carbon, 
and  that  it  cuts  and  threads  harder. 

It  is  well  known  that  steel  corrodes  quicker  than  wrought  iron 
when  exposed  to  the  weather,  hence  arose  some  prejudice  against 
the  steel  pipe.  As  a  matter  of  fact,  steel  pipe  is  ^s  serviceable 
as  wrought  iron,  except  possibly  for  vent  pipes,  and  for  peculiar 
conditions  of  the  water.  If  a  specification  contemplates  the  use 
of  wrought-iron  pipe,  it  is  advisable  to  call  for  "genuine"  wrought- 
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iron  pipe;  sometimes  the  name  of  a  manufacturer  is  used,  such  as 
"Byers"  wrought-iron  pipe.  Steel  pipes  are  manufactured  more 
cheaply  than  wrought-iron  pipes,-  hence  one  has  to  pay  a  higher 
price  for  the  genuine  wrought-iron  pipe. 

There  is  some  danger,  whe^^wrought-iron  or  steel  pipes  are  used 
concealed,  in  buildings,  of  electrolytic  action  taking  place,  by  which 
both  kinds  of  pipes  become  rapidly  pitted,  honeycombed  or  corroded. 

It  is  very  desirable  that  more  information  should  be  available 
about  the  relative  advantages  of  steel  and  wrought-iron  pipes,  and 
in  particular  about  their  relative  corrosion.     (See  Chap.  VII.) 

Galvanized  Wrought-iron  Pipes. —  The  many  points  of  advantage 
enumerated  have  led  to  the  search  for  some  permanent  protecting  * 
coating,  which  would  render  wrought-iron  and  steel  pipes  adapted 
to  all  uses  and  for  all  situations.  Zinc-coated  or  galvanized  pipes 
have  been  used  extensively  for  a  number  of  years,  and  the  opinions 
diCFer  greatly  as  to  their  merits.  While  some  assert  that  galvanized 
wrought-iron  pipe  makes  an  excellent  service  pipe,  and  that  it  is, 
next  to  lead,  the  most  suitable  material,  others  condenm  it  altogether. 
Very  much  probably  depends,  as  in  the  case  of  lead  pipes,  on  the 
chemical  and  physical  properties  of  each  particular  sample  of  water. 

With  ordinary  water  such  pipe  may  be  entirely  safe  to  use,  pro- 
vided the  pipes  are  not  left  empty  at  any  time.  In  case  the  gal- 
vanizing is  imperfectly  done,  the  smaller  sizes  are  apt  to  clog. 
Some  assert  that  galvanized  wrought-iron  pipes  should  not  be  used 
for  hot  water,  probably  owing  to  the  prevailing  opinion  that  increase 
of  temperature  increases  the  corrosive  action  of  the  water.  Much 
will  depend,  of  course,  upon  the  care  with  which  the  coating  is 
applied. 

Wrought-iron  service  pipes  are  galvanized  by  first  cleaning  them 
thoroughly  by  means  of  diluted  acid  solutions,  and  then  immersing 
them  into  a  bath  of  melted  zinc.  The  latter  does  not  merely  form 
a  protective  surface  lining,  but  is  said  to  penetrate  the  iron  more 
or  less. 

Authorities  differ  as  to  the  corrosive  action  of  water  on  zinc. 
Some  claim,  that  the  zinc  coating,  if  properly  applied,  will  last  for 
many  years.  Others,  whose  opinion  entitles  them  to  equal  considera- 
tion, state  that  corrosion  begins  as  soon  as  water  fills  the  pipe, 
that  at  first  the  zinc  only  is  attacked,  but  that  finally  the  protective 
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film  of  zinc  will  more  or  less  disappear,  leaving  the  iron  exposed  to 
rust.  From  a  health  point  of  view  galvanized  pipes  are  not  very 
objectionable,  for,  although  the  water  passing  through  such  pipes 
usually  dissolves  salts  of  zinc,  which  are  poisonous,  and  also  carries 
some  in  suspension,  the  amount  is  not  such  as  to  cause  any  serious 
harm.  • 

Tin-lined  Wrought-iron  Pipe.  —  Tin-lined  wrought-iron  pipes 
are  unobjectionable  from  a  sanitary  point  of  view;  in  fact,  they 
keep  the  water  in  an  excellent  condition  of  purity,  but  it  is  rather 
difficult  to  apply  the  lining  in  such  a  manner  as  to  be  permanent. 
If  only  a  small  surface  of  the  plain  iron  is  left  exposed,  corrosion 
goes  on  more  intensely  in  the  case  of  these,  as  also  with  zinced  pipes, 
than  if  the  pipes  were  left  entirely  unprotected.  This  may  be  due 
to  a  galvanic  action  caused  by  water  coming  in  contact  with  the 
two  diflFerent  metals.  Tin-lined  wrought-iron  pipes  should  be  con- 
nected by  means  of  tinned-brass  screw  ferrules. 

Asphalted  Wrought-iron  Pipe.  —  Asphalted  wrought-iron  pipes 
have  also  been  used,  and  the  only  objection  to  them,  that  I  know  of, 
is  that  the  water  standing  in  the  pipes  acquires  an  objectionable 
taste  of  tar,  which  continues  for  a  long  time  after  the  pipes  are  put 
in  use.  ^his  can  be  easily  remedied,  however,  with  new  pipes 
by  allowing  the  water  to  run  to  waste  when  drawing  it  for  drinking 
or  cooking  purposes.  It  is  quite  important,  in  order  to  secure  a 
good  permanent  asphalt  coating,  that  the  pipes  be  dipped  into  a 
bath  of  asphalt  of  proper  consistency  after  being  thoroughly  heated. 
If  the  asphalt  is  applied  cold,  it  may  soon  be  washed  off  and  carried 
in  suspension  in  the  water.  For  conveyance  of  hot  water  the  as- 
phalted wrought-iron  pipe  is  not  well  suited,  as  the  high  tempera- 
ture would  increase  the  tendency  of  dissolving  the  asphalt  coating. 

Enameled  Wrought-iron  Pipe.  —  Enameled  wrought-iron  pipes 
are  more  or  less  expensive,  according  to  the  preparation  used  to 
protect  the  iron,  which  ranges  from  an  ordinary  coal  tar  or  asphalt 
with  linseed  oil  or  other  bituminous  varnish  to  a  high  paraffine 
enamel.  Enameled  pipe  is  excellently  adapted  for  pipes  laid  in 
the  groimd,  and  for  carrying  water  from  a  distant  spring  to  a  house; 
also  for  suction  pipes  in  cisterns  and  wells,  and  for  cold-water  ser- 
vice pipes  in  houses.  Care  should  be  taken,  in  making  joints 
in  this  kind  of  pipe,  that  the  threads  and  pipe  ends  are  thoroughly 
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coated  with  the  liquid  enamel,  sold  by  the  manufacturers  of  such 
pipe,  otherwise  the  joints,  having  the  bright  iron  exposed,  will  soon 
commence  to  rust. 

Rubber-coated  and  Glass-lined  Wrought-iron  Pipe.  —  I  have 
no  experience  in  the'  use  of  rubber-coated  iron  pipes,  and  do  not 
know  of  their  being  used  at  the  present  day,  to  any  extent.  Regard- 
ing glass-lined  iron  pipes,  they  would,  obviously,  make  a  pipe 
for  house  service  excellently  fit  for  keeping  the  water  pure.  But 
they  are  very  expensive,  fragile  and  easily  broken,  and  it  is  difficult 
to  nm  them  and  to  make  the  joints  properly,  hence  they  are  sel- 
dom employed;  in  fact,  I  believe  their  manufacture  has  recently  been 
given  up. 

Cement-lined  Wrought-iron  Pipe.  —  Another  method  of  protect- 
ing wrought-iron  pipes  against  corrosion  is  the  lining  of  the  inside 
of  the  pipes  with  cement.  Cement-lined  wrought-iron  service  pipe 
has  been  in  use  for  many  years,  principally  in  some  New  England 
towns.  I  am  not  sufficiently  familiar  with  the  use  of  such  pipe 
to  speak  with  authority  of  its  merits  or  demerits.  From  a  descrip- 
tion, I  learn  that  the  process  adopted  for  lining  such  pipes  is  as  fol- 
lows: The  sizes  used  are  }  inch,  i  inch  and  ij  inches,  the  lining 
having  a  thickness  of  J  inch,  thus  reducing  the  clear  bore  of  the 
pipe  to  J,  J  and  i  inch  respectively.  A  mixture  of  Portland 
with  some  Rosendale  cement  is  used  for  the  lining.  This  mixture 
is  injected  into  the  pipe  by  means  of  a  special  press,  and  two  cones 
of  the  diameter  of  the  finished  bore  are  then  drawn  through  the 
pipes,  pressing  the  cement  against  its  sides.  The  cement  is  then 
allowed  time  to  rest,  and  finally  a  liquid  grout  is  poured  through 
the  pipe  to  fill  any  imperfections  in  the  first  coating. 

It  is,  of  course,  necessary  in  using  the  cement-lined  pipe  to  em- 
ploy malleable-iron  fittings  which  are  suitably  protected  against 
corrosion.  It  is  common  to  use  galvanized-  or  asphalted-iron  or 
else  brass  fittings.  Care  should  be  observed  to  protect  the  ends  of 
service  pipes,  inserted  into  fittings.  Here,  at  the  pipe  ends,  and 
in  couplings,  there  is  often  trouble  experienced  from  rusting. 

From  a  sanitary  point  of  view  such  cement-lined  pipe  appears 
to  me  entirely  unobjectionable,  except  that  it  may  have  some  effect  in 
slightly  increasing  the  hardness  of  the  water,  at  least  when  water 
is  first  turned  into  the  pipes.    If  the  process  is  carefully  carried  out 
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there  seems  to  be  no  reason  why  such  lining  should  not  efficiently 
protect  wrought  iron  from  corrosion.  But,  where  such  pipe  requires 
much  handling  and  transportation,  the  greatest  care  is,  in  my 
judgment,  needed  to  prevent  the  hardened  cement  from  breaking 
off  from  the  sides  of  the  pipe,  causing  their  quick  rusting  and 
obstructions  and  choking  of  pipes. 

Rustless  Wrought-iron  Pipe.  —  Another  protective  treatment 
for  wrought-iron  pipe,  introduced  about  twenty  years  ago,  was  the 
one  known  es  the  Bower-Barflf  or  rustless-iron  process.  By  this 
process  the  natural  surface  of  wrought  iron  or  steel  was  converted 
into  a  magnetic  oxide  of  iron  which,  from  experience,  was  known 
to  withstand  the  worst  possible  exposure  to  air  or  to  fresh  water 
or  saline  solutions.  The  formation  of  magnetic  oxide  of  iron  was 
accomplished  by  subjecting  the  iron  in  a  specially  built  furnace  to 
the  action  of  superheated  steam.  In  this  process  no  foreign  ma- 
terial, paint,  chemical  or  alloy  was  applied  to  the  metal.  The 
coating  is  perfectly  innocuous,  and  such  rustless  pipes  may  be 
heated  to  redness  and  then  plimged  into  cold  water  without  being 
injured..  Such  rustless  pipes  were  also  claimed  to  be  well  adapted 
for  carrying  hot  water.  The  Bower-Barff  process  was  a  rather 
expensive  one  and  in  recent  years  it  has  not  been  applied  to  water 
pipes  to  any  extent. 

Pipes  treated  by  means  of  this  process  are  best  joined  by  using 
only  oil  at  the  threads,  which,  after  a  while,  hardens  and  sets, 
making  a  tight  joint,  while,  if  a  mixture  of  red  and  white  lead  is 
applied  to  the  threads  and  fittings,  there  is  a  slight  danger  of  water 
dissolving  some  of  the  lead,  which  unavoidably  protrudes  at  the 
inside  of  the  joints. 

Kalameined  Pipe. —  I  should,  perhaps,  say  a  word  about  the 
so-called  "Kalamein"  pipe,  a  pipe  coated  in  a  manner  similar 
to  galvanized-iron  pipes.  The  pipe  was  made  by  compounding  a 
mixture  of  lead,  tin,  nickel  and  zinc,  and  bringing  it  in  contact  with 
wrought-iron  pipe,  which  has  been  previously  cleaned  and  freed  of 
scales,  grease  or  dirt,  by  dipping  it  into  a  bath.  It  was  claimed 
that  the  melted  alloy  penetrated  the  body  qf  the  iron,  and  became 
thoroughly  combined  with  it.  I  have  never  used  this  pipe;  it  is 
comparatively  little  known  and  I  find  scarcely  any  reliable  informa- 
tion, but  only  some  very  contradictory  opinions,  concerning  it. 
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Lead-lined  Wrought-iron  Pipe, —  This' pipe  is  made  in  much  the 
same  manner  as  the  tin-lined  wrought-iron  pipe,  and  combines  the 
stiffness  of  a  wrought-iron  pipe  with  the  smoothness  of  the  interior 
of  a  lead  pipe.  But  for  its  high  cost  it  would  probably  be  used 
to  a  larger  extent  than  is  the  case  at  present.  In  special  situations 
this  pipe  fulfills  its  object  in  a  satisfactory  manner,  as,  for  instance, 
for  the  vent-pipe  extensions  of  pipes  in  chemical  laboratories,  where 
wrought-  and  cast-iron  pipe  would  be  too  quickly  attacked  by  the 
fumes  of  chemicals.  For  supply  pipes,  too,  it  is  in  us^  to  a  limited 
extent,  although  the  difficulty  of  making  the  joints  renders  it  more 
troublesome  to  handle.  A  large  line  of  lead-lined  wrought-iron 
fittings  is  also  manufactured. 

Brass  and  Copper  Pipes. —  It  remains  to  speak  of  brass  and  of 
copper  pipes.  Both  of  these  should,  if  used  for  the  conveyance  of 
drinking-water,  be  tinned  on  the  inside,  as  water  seriously  attacks 
any  exposed  brass  as  well  as  copper,  and  the  salts  of  copper,  oxides 
as  well  as  carbonates,  carried  in  the  water  in  suspension  or  in 
solution,  are  poisonous.  Small  seamless  copper  pipes  are  drawn 
to  size  in  dies,  being  thus  made  much  stronger  than  if  made  by 
rolling  up  sheet  copper  and  brazing  the  edges  together.  Copper  is 
very  ductile  and  has  a  considerable  tenacity,  but  it  should  be  pure, 
for  any  foreign  admixture  renders  it  weak.  In  tinning  copper 
pipes,  these  should  first  be  thoroughly  cleaned  and  brightened, 
.  then  washed  with  a  solution  of  sal  ammoniac  or  of  zinc  in  muriatic 
acid,  which  leaves  a  bright  metallic  surface  free  from  oxide  or  greasy 
matter. 

Seamless  brass  tubes  are  made  by  drawing  the  metal  over  a  man- 
dril. If  used  for  hot-water  purposes,  and  if  it  is  made  sure  that  no 
hot  water  from  such  pipes  is  ever  drawn  for  cooking,  the  tin  lining 
may  be  omitted  from  brass  pipes.  Copper  pipes  are  not  often  used 
as  they  are  very  expensive  and  require  special  care  and  skill  in 
running  them.  Brass  pipes  are  nickel-plated  and  polished  wherever 
placed  in  sight  in  conspicuous  positions,  or  else  plain  finished  or 
tinned  brass  pipe  is  used,  but  this  should  be  varnished  to  prevent 
tarnishing. 

Faucets  and  Shut-off s. —  Shut-off s  and  faucets  are  special  devices 
governing  the  flow  of  water  through  pipes.  Broadly  speaking, 
we  may  distinguish  in  the  water-pipe  system  of  a  house  three  kinds 
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of  shut-off s:  first,  taps  usually  placed  at  the  end  of  a  line  of  pipe, 
so  as  to  control  the  flow  of  water  from  the  pipe  at  or  ii^to  a  plumbing 
fixture,  which  appliances  are  usually  known  as  bibs,  cocks  or 
faucets;  second,  fittings  placed  in  the  line  of  a  main  pipe  or  of  a 
branch,  so  as  to  control,  shut  off  or  turn  on  or  regulate  the  flow 
of  water  through  said  line  of  pipe,  which  fittings  are  commonly 
known  as  stopcocks  or  shut-offs,  and  which,  according  to  their 
special  construction,  may  be  either  stopcocks  or  else  stop  valves, 
both  with  and  without  small  waste  or  drip  openings;  and  third, 
cocks  which  are  operated  either  by  a  ball  or  else  by  a  float,  usually 
called  ball  cocks,  and  used  in  large  water  tanks  and  in  the  smaller 
flushing  cisterns  to  close  the  supply  pipe  when  the  tank  becomes 
filled,  and  to  open  it  again  when  the  water  level  in  the  tank  falls. 

Each  class  of  cocks,  no  matter  of  what  special  shape  or  make, 
may  again  be  subdivided  into  two  kinds,  according  to  the  principle 
involved  in  their  special  construction,  namely,  into  ground  bibs, 
or,  as  they  are  sometimes  termed,  plug  taps,  and  compression 
bibs  or  faucets.  We  distinguish,  therefore,  between  ground-key 
and  compression  faucets,  ground-key  and  compression  stopcocks, 
ground-key  and  compression  ball  cocks. 

Ground-key    Bibs. — The    ground    bibs    (Fig.    154)    are   made 
entirely  of  metal,  usually  of  brass;   no  washer  or  soft  packing  of 
any  kind  is  required  in  their  operation.     In  such  fittings  a  plug 
or  key  is  used,  of  slightly  tapering 
form,  which  has  a  hole  of  nearly 
the  bore  of  the  pipe,  and  which  if 
turned  in  a  casting,  which  forms 
the  waterway,  so  that  this  opening 
is  in  line  with  the  opening  in  the 
casting,  allows  the  water  to  run, 
while    if   turned   at  right  angles 
to  the  previous  direction  it  com- 
pletely stops  the  flow.      If  partly    Fig.  154.    Section  of  Giound-key  Faucet. 

turned  the  flow  is  cut  off  some- 
what.   The  key  or  plug  is  made  tapering,  so  as  to  allow  for 
tightening  up  by  means  of  a  brass  set  screw  if  it  should  leak. 

The  groimd-key  work  is  objectionable  for  faucets  as  well  as  ball 
cocks  in  the  case  of  gritty  waters,  which  have  much  mineral  sedi- 
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ment  in  suspension.  In  this  case  small  particles  of  sand  may  become 
lodged  between  the  brass  key  and  its  seat,  and  the  frequent  handling 
and  turning  of  the  cock  soon  causes  the  plug  to  be  cut,  to  wear 
out,  and  to  become  defective,  and  as  a  consequence  such  faucets 
and  ball  cocks  continually  leak.    Repairs  of  worn-out  fittings  are 


Fig.  155a.  Fig.  issb. 

Lever  Handle  and  T  Handle  Ground-key  Stopcocks. 

difficult  and  expensive,  and  it  usually  becomes  necessary  to  replace 
a  dripping  cock  by  a  new  one. 

In  case  of  stopcocks  for  the  control  of  the  flow  of  water  through 
pipes  (Fig.  155  a  and  b),  ground  plugs  are  not  so  objectionable 
because  they  are  not  often  turned.     But,  if  used,  it  is  far  better  to 


Fig.  156a.  Fig.  156b. 

Round- way  Stopcock  and  Stop-and- Waste  Cock. 

employ  the  so-called  round-way  stopcock  (Fig.  156  a  and  b), 
which,  on  being  opened,  gives  a  full-bore  stream,  and  hence  gives  a 
greater  discharge  from  a  line  of  pipe  than  where  ordinary  stop- 
cocks are  used.  A  second  and  equally  important  objection  to 
"ground''  bibs  is  that,  if  they  are  turned,  the  flow  of  water  is  so 
suddenly  and  quickly  stopped  as  to  cause  a  severe  shock  —  techni- 
cally called  "water-hammer"  — which  strains  the  pipes  sometimes 
so  much  that  they  eventually  burst  after  being  weakened  for  some 
time.     It  is,  therefore,  a  safe  rule  not  to  use  "ground"  faucets, 
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wherever  the  pressure  of  water  in  the  pipes  is  great.  This  objection 
does  not  refer  to  stopcocks,  as  they  are  not  often  turned,  yet,  even 
in  their  case,  "compression  "  stops  or  stop  valves  of  brass  are  much 
to  be  preferred  whenever  the  pressure  in  the  supply  pipes  is  great. 

Compression  Bibs. —  In  the  "compression"  bibs  both  objections 
are  successfully  overcome. 

In  these  bibs  the  construction  is  such  that  the  water  is  made  to 
pass  through  a  pierced  diaphragm  in  the  bib  (Fig.  157),  and  the 
flow  is  checked  by  tightly  screwing  down  a  compressible  washer, 
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Fig.  157.     Section  of  Compression  Bib. 


either  of  soft  leather  or  of  rubber,  attached  to  a  piston  without 
perforation,  upon  the  usually  horizontal  diaphragm.  If  the  piston 
with  the  washer  is  raised  from  the  seat  more  or  less,  a  flow  of 
water  occurs,  the  force  of  which  can  thus  be  controlled.  The 
washer  is  either  attached  to  the  spindle  so  as  to  revolve  with  it, 
or  it  moves  up  and  down  straight  where  the  spindle  has  a  screw 
operating  inside  of  the  plug.  The  flow  of  water  is,  therefore, 
gradually  cut  off,  and  when  finally  checked  does  not  cause  any 
severe  water  hammer  or  strain,  hence  such  faucets  are  much  more 
generally  used.  In  case  they  become  leaky  it  is  owing  to  the  wear- 
ing out  of  the  leather  washer,  and  this  is  easily  replaced  without 
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requiring  any  great  skill.  A  word  of  warning  with  regard  to  com- 
pression work  may  not  seem  out  of  place.  Whenever  such  bibs 
commence  to  leak,  avoid  checking  the  leak  by  screwing  the  piston 
down  too  tight.  This  causes  the  quick  wearing  out  of  the  screw 
threads,  and,  if  once  the  latter  become  damaged,  the  faucet  becomes 
worthless.  The  proper  remedy  is  to  at  once  replace  a  defective 
washer  by  a  fresh  one. 


Fig.  158.  Section  of  Fuller  Faucet.         Fig.  1591  Section  of  Self-closing  Faucet. 


Fuller  Bibs.  —  There  is  an  endless  variety  of  compression 
cocks,  the  majority  being  operated  by  means  of  a  piston  and  spindle, 
worked  by  a  screw,  and  closing  against  the  water  pressure. 

The  so-called  Fuller  compression  work  (Fig.  158)  makes  an 
exception  to  this,  for  it  has  a  fubber  plug  or  valve,  which  closes 
with,  instead  of  against,  the  water  pressure,  and  is  operated  by  a 
lever  and  eccentric  instead  of  a  screw  movement.  This  latter 
kind  is  well  adapted  for  use,  is  of  excellent  construction  and  make, 
and  is  easily  repaired.  For  service  pipes  with  very  high  pressure, 
however,  it  is  better  to  use  ordinary  "screw-down''  compression 
work,  to  avoid  the  water  hammer  which  occurs  with  these  faucets 
as  much  as  with  the  ground-key  bibs. 

Self-closing  Bibs.  —  Besides  the  ground  bibs  and  the  compres- 
sion cocks  which  close  by  hand  operation,  I  ought  to  mention  the 
so-called  self-closing  bibs  (Fig.  159),  of  which  there  are  a  great 
many  diflferent  kinds  in  the  market.    Many  of  these  are  operated 
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by  a  strong  spring  which  causes  the  closing  of  the  bib  as  soon  as 
the  handle  is  released.  Some  close  with,  others  against,  the  water 
pressure.  These  latter  depend  upon  a  spring  to  keep  them  tight, 
and  are  harder  to  open.  If  the  tension  of  the  spring  relaxes  in 
course  of  time  they  may  leak.    The  objection  which  was  mentioned 


Fig.  i6oa. 


Fio.  i6ob. 


Fig.  z6oc.  Fig.  i6od. 

A  Group  of  Ground-key  Faucets. 


in  the  case  of  ground-key  bibs  is  true  of  most  self-closing  faucets, 
except  a  few  which  are  slow-closing,  namely,  the  liability  of  straining 
a  pipe  system  by  the  too  sudden  checking  of  the  flow  of  water. 

Self-closing  bibs,  however,  perform  a  useful  fimction  in  public 
places,  hotels,  railroad  depots,  market-houses,  schools,  and  at 
public  drinking  fountains,  in  preventing  a  reckless  waste  of  water, 
and  also,  occasionally,  in  preventing  serious  damage  to  ceilings  and 
plastering  caused  by  accidental  overflows.  For  private  residences 
their  use  is  not  recommended,  except  where  the  prevention  of  water 
waste  is  an  important  consideration,  as  when  the  service  pipe  is 
metered.    They  are  somewhat  inconvenient  in  use,  necessitating 
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the  holding  of  the  bib  handle  for  some  length  of  time,  imtil  sufficient 
water  is  drawn,  and  often  requiring  a  strong  pressure  to  counteract 
the  tendency  of  the  spring  to  close  the  bib.  On  hot^water  pipes, 
self-closing  faucets  should  not  be  used,  because,  if  the  circulation 
is  at  all  active,  the  lever  handle  may  become  too  hot  to  touch. 

Wherever  self-closing  or  ground-key  bibs  are  used  it  is  a  good 
precaution  to  adopt  air  chambers  at  the  end  of  branch  pipes  in 
order  to  counteract  the  effect  of  water  hammer,  but,  in  adopting 
this  safeguard,  it  should  be  borne  in  mind  that  air  vessels  are  seldom 
effective,  unless  charged  with  air  at  flrequent  intervals.  Many 
self-closing  bibs  are  unreliable  and  not  very  durable. 

The  illustrations.  Figs.  i6o,  i6i,  162,  163,  exhibit  a  number  of 
faucets,  of  the  four  types  mentioned,  as  they  are  made  for  use  with 
different  plumbing  fixtures. 

Types  of  Faucets.  —  To  describe  minutely  all  the  various  forms 
of  cocks  illustrated  and  by  means  of  which  water  is  drawn  at  the 
different  fixtures  in  a  house  would  lead  me  too  far,  and  a  few 
minutes'  study  of  the  illustrations  in  catalogues  of  plumbers'  brass 
goods  will  explain  all  I  would  have  to  say  far  better  than  I  can, 
but  the  above  illustrations  will  give  a  fair  idea  of  the  large  variety 
in  styles. 

For  wash  basins  and  also  for  double  pantry  sinks  a  swing  cock 
is  very  much  used  which  is  technically  known  as  a  "ground-key 
basin  cock."  This  has  a  movable  outlet  tube,  swinging  around  a 
vertical  axis,  and  is  so  constructed  that,  when  the  tube  is  turned 
over  the  basin,  the  cock  is  open,  permitting  the  water  to  flow  into 
the  basin.  By  turning  the  tube  to  either  side  the  water  is  shut  off. 
Such  faucets  are  very  convenient  and  were  at  one  time  used  quite 
extensively,  but  they  do  not  last  long  in  the  case  of  water  containing 
much  gritty  sediment,  and  soon  commence  to  wear  out  and  drip. 
The  compression  and  self-closing  basin  cocks  are  now  largely 
preferred.  In  both  kinds  the  outlet  tube  remains  stationary  over 
the  basin  edge,  and  the  water  is  turned  on  or  shut  off,  generally, 
by  turning  a  handle,  but  sometimes  by  pressing  two  handles  together. 
There  is  also  a  basin  compression  bib  made  which  opens  when 
swung  over  the  basin  and  closes  by  being  turned. 

Bath  tubs  are  sometimes  supplied  by  two  single  bath  bibs,  which 
may  be  either  of  the  ground-key  or  the  compression  pattern  and 
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Fig.  163c. 


Fig.  1630. 


Fig.  i63g. 
A  Group  of  Self-closing  Faucets. 
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which  have  a  short  spout  turaed  downward,  so  as  to  deliver  water 
into  the  tub.  Such  bibs  are  designated  as  plain,  if  made  so  as  to 
be  soldered  to  lead  pipe,  or  else  as  flange  and  thimble  bibs,  the 
latter  having  a  brass  or  plated  thimble,  which  is  soldered  to  the 
lead  pipe,  while  the  bib  is  screwed  into  the  thimble,  making  a 
neatly  finished  job,  or  finally  as  screwed  bibs,  for  attaching  to 
wrought-iron  or  brass  pipes. 

Within  the  last  few  years  the  custom  has  become  more  general 
of  supplying  bath  tubs  by  means  of  double  bath-cocks,  or  combina- 
tion cocks  with  two  handles  and  with  a  single  outlet  nozzle,  through 
which  either  cold  or  hot,  or  mixed  water  is  delivered.  The  outlet 
tube  is  generally  provided  with  a  thread,  for  attaching  a  hose  nozzle, 
the  other  end  of  the  hose  having  a  rose  shower,  which  takes  the 
place  of  the  old-fashioned  overhead  fixed  shower.  Such  mixing 
nozzles  are  quite  convenient  and  do  away  largely  with  the  steam- 
vapor  nuisance. 

Bath  tubs  are  also  supplied  at  or  near  the  bottom  of  the  tub  by 
means  of  a  bell  or  fan  supply.  Such  an  arrangement  prevents 
the  damage  so  frequently  done  to  enameled  or  copper  tubs  when 
water  is  drawn  into  pitchers  by  careless  servants,  and  it  also  avoids 
the  noise  occasioned  by  filling  a  tub  from  bibs  placed  near  the  top. 
On  sanitary  grounds,  however,  the  devices  for  filling  bath  tubs  at 
the  bottom  cannot  be  recommended,  for  the  opening  of  a  faucet 
on  a  floor  below  may  cause  the  dirty  water  to  be  drawn  from  the 
bath  tub  into  the  supply  pipe  by  siphonic  action  and  thu%  result 
in  the  contamination  of  the  water  supply.  A  check  valve  would 
prevent  this,  but  it  cannot  be  relied  upon  to  work  forever,  hence 
it  is  safer  to  supply  a  bath  tub  froih  the  top  of  the  tub. 

Concerning  faucets  in  general,  it  may  be  well  to  warn  against  the 
many  cheap  varieties  made  to  meet  the  existing  sharp  competi- 
tion. It  will  be  best  and  most  economical  in  the  end  to  buy 
only  bibs  of  superior  material  and  workmanship,  even  if  they  cost 
more. 

For  kitchen  sinks  and  wash-trays  similar  bibs  as  those  for  bath 
tubs  are  used,  and  they  may  be  either  of  the  compression  or  groimd- 
key  variety.  For  sinks  the  handles  are  placed  on  top,  and  for 
wash  tubs  on  the  side,  of  the  bib.  It  has  been  usual,  in  the  case 
of  butler's-pantry  sinks,  to  use  tall  and  upright  faucets  having  a 
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long  tube  turned  over  and  downward  at  the  top,  thus  enabling 
servants  to  put  a  pitcher  underneath  for  filling,  but  the  drawback 
to  these  is  that  the  gooseneck  becomes  loose  and  leaky  in  the  joints, 
and  for  this  reason  the  regular  style  of  sink  faucet  is  far  preferable. 
/  Materials  for  Faucets  and  Finish.  — So  much  about  the  kinds 
of  bibs.  As  to  the  material,  different  makers  employ  slightly 
different  alloys.  Common  brass  is  ordinarily  used,  but  for  the  best 
work  phosphor-bronze,  steam  metal  and  gun  metal,  the  latter 
particularly  for  stop  valves,  are  adopted.  Stopcocks  are  usually 
brass-finished,  and  faucets  for  sinks,  bowls  or  tubs  are  ordinarily 
finished  and  polished,  or,  where  the  slight  difference  in  expense  is  no 
objection,  it  is  usual  to  cover  and  brighten  them  with  either  a  silver 
or  nickel  plating.  There  is  some  difference  in  opinion  as  to  which 
of  these  is  preferable. 

The  plating  by  either  process,  if  carelessly  or  poorly  done,  will 
not  last  long,  particularly  if  servants  do  not  observe  care  in  clean- 
ing the  polished  faucets.  As  a  rule,  I  find  it  is  easier  to  obtain  from 
the  makers  a  good  and  lasting  nickel  plating,  but  excellent-looking 
silver  plating  may  be  obtained,  done  especially  to  order  and  guar- 
anteed to  last  many  years.  Of  late  years,  faucets  of  a  new  alloy, 
called  "silver  metal"  or  white  metal,  have  been  introduced.  If 
well  finished  and  polished,  such  a  faucet  looks  fully  as  handsome 
as  a  nickel-plated  one,  and  has  the  advantage  of  not  becoming 
worn  off  by  frequent  rubbing. 

Valves.  —  Ground-key  and  compression  stopcocks  have  been 
commonly  used  in  the  past  in  pipe  lines  to  control  the  flow  of  water. 
While  they  fulfill  their  purpose  tolerably  well  where  the  pipes  are 
small,  it  is  nowadays  considered  the  better  practice  to  use  valves 
on  all  large  distributing  lines  and  on  the  main  supply  service. 

There  are  two  kinds  of  valves,  namely,  the  gate  valve  (Fig.  164) 
and  the  globe  valve  (illustrated  in  section  in  Fig.  165).  The  chief 
advantage  of  the  gate  valve  over  the  globe  valve  is  that  it  gives 
a  fuUsized  water  way  when  entirely  open.  The  only  advantage  of 
globe  valves  is  that  in  case  of  gritty  waters  the  soft  disk  can  be 
quickly  and  economically  replaced  when  worn  out.  It  is  obvious 
that  a  globe  valve  is  otherwise  inferior  to  the  gate  valve  because 
it  necessarily  restricts  the  flow,  and  causes  greater  friction  because 
the  water  passage  is  not  straight.    A  further  objection  is  that  the 
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body  of  the  valve  is  so  shaped  that  it  retains  some  water  and  hence 
does  not  permit  of  the  complete  draining  of  a  pipe  line. 

There  is,  however,  one  special  form  of  globe  valve  with  disk 
and  valve  seat  which  gives  almost  as  unrestricted  a  flow  of  water 
as  the  gate  valve.     This  is  the  angle  valvei  which  has  its  two  open- 


Fio.  164.    Sectional  View  of  Gate  Valve. 

mgs,  inlet  and  outlet,  placed  at  right  angles.  It  is  the  handiest 
form  of  valve  to  use  at  the  suction  end  of  pumps.  In  the  smaller 
sizes  (i  and  |  inch)  it  is  also  much  used  to  control  the  branch 
supplies  to  plumbing  fixtures. 
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Swing  check  valves  axe  illustrated  in  Figs.  166  and  167. 

Flushing  Cisterns.  —  All  plumbing  fixtures  into  which  human 
waste  matters  are  passed — water-closets,  slop-hoppers  and  urinals 
— should  always  be  thoroughly  flushed  by  a  separate  flushing  cistern. 
Of  these  there  is  such  an  endless  variety  that  I  shall  not  attempt 


Fig.  166.     Section  of  Horizontal  Swing  Check  Valve. 

to  describe  them  beyond  stating  that  some  are  emptied  by  the  lift- 
ing-up  of  valves,  while  others  are  discharged  by  means  of  siphons. 
We  thus  have  two  principal  classes,  valve  and  siphon  cisterns. 
Each  may  be  operated  in  a  variety  of  ways,  either  by  a  simple  chain- 


Fio.  167.    View  of  Check  Valve. 

and-pull  handle,  or  by  a  lift  handle,  lever,  fulcrum,  and  chain,  by  a 
seat  action,  or  by  the  opening  and  shutting  of  the  door  of  the  water- 
closet  compartment.  • 

Occasionally  the  chain  is  operated  by  a  bell  knob  with  wire  buried 
in  the  plaster  work.     One  kind  of  cistern  is  operated  and  started 
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by  a  pneumatic  tube  and  a  push-button  device;  in  another  inven- 
tion a  knob,  upon  being  pressed,  starts  an  electric  current  which 
in  turn  causes  the  siphon  in  the  cistern  to  operate.  As  a  rule 
each  closet  is  sold  with  a  special  cistern,  which  it  is  best  to  buy 
with  the  water-closet  fixture,  and  in  fitting  up  the  complete 
apparatus  one  should  follow  closely  the  printed  directions  of  the 
manufacturers. 

A  new  combination  automatic  and  pull  tank  is  shown  in  illus- 
tration, Fig.  1 68,  and  its  supply  arrangement  more  in  detail  in 
Fig.  169.  Such  a  device  is  particularly  useful  in  hospitals  for  the 
insane,  where  it  is  found  that  ip.  some  t^ards  the  patients  will  think 
of  pulling  the  chain,  whereas,  in  *other  wards,  the  automatic  flush 
must  necessarily  be  used.  The  same  appliance  would  be  service- 
able in  toilet  rooms  of  schoolhouses.  I  have  found  this  type  of 
tank  very  useful  in  houses  where  servant's  yard  closets  are  not 
sufficiently  protected  against  freezing.  Normally,  the  pull  flush  is 
used,  while  in  very  cold  weather  the  automatic  flush  is  turned  on, 
whereby  the  closet  is  kept  from  freezing. 

Flushometer  Valves.  — In  recent  years  a  substitute  for  the 
common  flushing  cistern  with  flush  pipe  has  been  introduced,  and 
is  known  as  a  flushometer  valve.  There  are  several  makes  and 
types  of  these.  They  require  a  very  large  supply,  not  less  than 
ij  inches  and  a-  full  pressure  of  water.  Some  of  the  valves  are 
adjustable  for  a  high  and  a  low  pressure,  and  moreover  can  be  set 
so  as  to  operate  with  a  smaller  or  larger  quantity  of  water.  On  an 
average,  they  discharge  about  5  gallons  at  each  flush,  though  I 
have  been  shown  some  which  flushed  a  closet  bowl  successfully  with 
less  than  3J  gallons. 

The  flush  valves  in  buildings  should  be  supplied  from  one  sepa- 
rate large  service  tank  and  require  an  independent  system  of  pipes, 
all  of  which  tends  to  render  their  installment  as  expensive,  or  even 
more  so,  than  overhead  or  high  flushing  cisterns.  Some  makers 
claim  as  an  advantage  that  they  flush  noiselessly.  My  experience 
has  been  that  when  this  is  the  case  the  flush  is  feeble,  unsatisfactory 
and  sometimes  insufficient  to  clean  the  water-closet  bowl  properly, 
Flushometer  valves,  th^  operation  of  which  appeared  to  be  satis- 
factory, made  as  much  noise  as  the  high  tank  with  long  flush  pipe. 
I  therefore  cannot  bring  myself  to  be  in  favor  of  them,  except  in 
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Fig.  168.     Detail  ot  Automatic  and  Pull  Water-closet  Cistern. 


Flo.  169.     Detail  of  Double  Supply  to  Tank  Shown  in  Fig.  168. 
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rare  and  special  instances.  Urinals  and  slop-sinks  have  also  been 
arranged  to  be  flushed  by  means  of  such  valves. 

Low-down  Tanks.  —  Water-closets  are  also  sold  with  flush  tanks 
located  just  above  the  top  of  the  closet  bowl,  and  such  fixtures  are 
known  in  the  trade  as  low-down  tank  combinations.  They  are 
installed  where  sufficient  headroom  for  a  high  tank  is  lacking, 
for  instance,  under  stairways  and  in  attic  bathrooms,  with  low 
pitched  roofs.  This  type  of  flushing  tank  requires  a  large  connec- 
tion to  the  closet  bowl,  which  must  be  specially  manufactured. 
I  have  found  them  to  operate  very  noiselessly  and  in  general 
satisfactorily,  so  that  I  prefer  them  to  the  flushometer  valve 
closets. 

Sizes  of  Supply  Pipes.  —  As  regards  the  sizes  of  service  pipes  for 
domestic  water  supply,  the  almost  universal  custom  of  plumbers 
is  to  put  in  pipes  of  insufficient  caliber.  Instead  of  following  the 
correct  principle  of  "small  waste  pipes  and  ample  supply  pipes," 
the  usual  foolish  practice  is  to  use  waste  pipes  of  too  large  and 
supply  pipes  of  too  small  bore,  thus  working  a  twofold  harm. 

Again,  it  is  too  often  the  case  that  no  proper  consideration  is 
paid  to  the  adjustment  of  the  various  sizes  of  distribution  pipes  in 
a  building.  This  question  has  a  special  bearing  on  high  buildings 
and  large  office,  factory  or  warehouse  structures.  In  the  case  of 
ordinary  two-story  and  attic  dwellings  the  matter  is  not  of  great 
importance;  yet  even  with  these  a  certain  saving  may  be  effected 
by  proportioning  the  different  parts  of  a  line  of  service  pipe  to  the 
duty  it  has,  to  perform,  in  other  words,  by  making  a  line  of  pipe 
and  its  branches  of  such  sizes  that,  no  matter  how  many  faucets 
are  opened  on  different  floors  simultaneously,  water  will  flow  freely 
through  each  of  them. 

Every  householder  knows  the  annoyance  of  trying  to  fill  a  wash- 
bowl or  a  bath  tub  when  water  is  being  drawn  at  some  fixture  on 
one  of  the  floors  below.  This  whole  question  belongs  essentially 
to  the  science  of  hydraulics,  and  to  solve  the  problem  successfully 
it  requires  a  close  study  of  the  laws  governing  the  flow  of  water 
through  pipes  of  various  areas  and  under  variable  heads  or  pres- 
sures. Houses  piped  scientifically  are  not  often  to  be  found.  The 
average  mechanic  or  so-called  "practical  man"  has  too  profound 
a  distrust  or  contempt  for  everything  savoring  of  theory  to  be 
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induced  to  look  into  this  question,  which  is,  in  its.  results,  decidedly 
a  practical  one. 

The  following  internal  diameters  for  supply  pipes  may,  with 
ordinary  pressures,  be  adopted  as  securing  an  ample  supply  at  a 
single  plumbing  fixture.  The  size  of  the  main  lines  depends  upon 
the  number  of  branches  taken  from  them,  but  also  upon  the  above- 
mentioned  conditions,  and  it  will  not  be  necessary  to  discuss  these. 
For  a  kitchen  sink  it  is  usual  to  run  a  J-inch  service  pipe,  for  a 
pantry  sink  a  |-inch  pipe  is  ample,  for  a  washbowl  a  ^-inch  pipe, 
for  a  set  of  laundry  tubs  f-  to  i-inch  pipe,  for  bath  tubs  a  f-inch,  and 
for  water-closet  cisterns  a  J-inch  pipe,  always  supposing  that  the 
house  is  supplied  under  the  ordinary  tank  pressure.  Fixtures  are 
frequently  supplied  with  pipes  of  smaller  bore,  but  the  resulting  in- 
sufficiency of  the  water  supply  is  one  of  the  usual  defects  in  ordinary 
plumbing.  If  lead  pipes  are  used  they  should  weigh  at  least  as 
follows: 

J-inch  pipe,  2  pounds  per  running  ^foot. 

f-inch  pipe,  3  pounds  per  running  foot. 

f-inch  pipe,  4  pounds  per  running  foot. 

Insufficient  strength  and  weight  of  supply  pipes  frequently  cause 
them  to  burst  and  leak.  • 

Sizes  of  Service  and  Taps.  —  The  customary  sizes  of  taps  for  the 
supply  of  buildings  is  referred  to  in  the  next  chapter.  The  dis- 
charges of  taps  and  service  pipes  may  be  increased  by  enlarging 
the  diameter  of  the  services  immediately  at  the  tap.  Diagrams 
giving  the  delivery  of  water  under  such  conditions  are  introduced 
in  Chapter  VI,  so  that  it  does  not  seem  necessary  to  refer  to  the 
matter  in  this  place.  Diagrams  for  the  discharge  of  service  pipes 
(without  consideration  of  the  size  of  the  tap)  are  given  in  Chapters  1 
and  VIII. 

Pipe  Joints.  —  A  few  words  should  be  said  in  regard  to  the 
manner  of  making  pipe  joints.  When  lead  service  pipes  are  used, 
all  joints  should  be  wiped  solder  joints,  in  which  an  oval  lump  of 
solder  is  wiped  aroimd  the  joint  in  order  to  reinforce  it.  Ordinary  • 
cup  joints  are  not  so  strong  and  should  not  be  used  on  supply  pipes, 
except  where  brass  couplings  of  bibs  are  connected  with  lead 
pipes.    All  joints  between  lead  pipes  and  brass  stopcocks  should 
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be  wiped  with  solder.  In  making  such  joints  the  plumber  must 
avoid  the  falling  of  raspings  and  filings  into  the  pipes,  which,  when 
lodged  under  the  valve  seats,  cause  damage  to  washers  and  obstruc- 
tions to  the  free  flow. 

Lead  and  wrought-iron  pipes  cannot  be  soldered  together,  hence 
a  brass  ferrule  or  screw  nipple  is  used,  which  is  soldered  to  the  lead, 
and  screwed  tightly  into  the  fitting  or  on  the  wrought-iron  pipe. 
In  the  case  of  tin-lined  lead  pipes  it  is  better  to  use  special  tinned 
brass  ferrules  and  tees  to  join  them,  as  explained  heretofore. 

If  wrought-iron  service  pipes  are  used,  joints  are  made  by  cutting 
screw  threads  on  the  ends  of  pipes  and  connecting  pipe  ends  with 
couplings  or  fittings,  as  the  case  may  be.  Usually  a  paste  of  red 
and  white  lead  mixed  is  used  to  act  as  a  lubricant  and  to  make  up 
for  imperfections  in  the  threads  when  the  pipes  are  screwed  up 
tightly  with  pipe  wrenches  or  pipe  tongs.  Sometimes  linseed  oil 
only  is  used,  which,  after  setting  hard,  makes  a  tight  joint. 

Enameled  wrought-iron  pipes  should  be  put  together  with  liquid 
black  enamel,  and  in  joining  tin-lined  wrought-iron  pipes  the 
special  tinned  brass  ferrules,  sold  with  the  pipe,  should  be  used. 
Brass  service  pipes  are  connected  by  means  of  screw  joints,  a  paste 
of  red  lead  being  put  over  the  threads  to  insure  tightness  of  joints. 
A  good  precaution  where  a  house  is  piped  with  wrought-iron  service 
pipes  is  to  insert  in  suitable  places  a  number  of  right-  and  left-hand 
sockets,  or,  still  better,  ground  union  couplings,  to  allow  of  removing 
a  length  of  pipe  for  repairs,  or  alterations,  without  taking  down  a 
whole  line  of  pipes.  As  soon  as  the  piping  is  finished  it  should  be 
tested  by  turning  water  into  the  pipes,  and  applying  a  heavy  pressure 
by  means  of  a  hydraulic  testing  pump  and  gauge.  Any  leakage 
indicating  imperfections  in  the  joints  or  defects  in  the  pipes  should 
be  remedied  at  once. 

General  Arrangement  of  Water  Pipes.  —  The  arrangement  of  the 
supply  pipes  in  a  house  is,  so  far  as  subsequent  annoyance,  owing 
to  the  constant  necessity  of  repairs,  is  concerned,  one  of  the  tnost 
important  matters  connected  with  its  water  supply.  Far  too  little 
attention  is,  in  the  majority  of  cases,  paid  to  it  by  architects  and 
builders. 

In  the  first  place,  it  is  important  that  all  lead  and  also  tin-lined 
and  block-tin  pipes  be  well  fastened  to  boards  or  narrow  strips  of 
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wood,  nailed  to  walls  or  ceilings.  Vertical  lead  pipes  should  be 
supported  by  soldering  hard  metal  tacks  to  the  lead  pipes  and 
fastening  them  with  screws  to  the  board.  All  sagging  is  thus  effect- 
ively prevented,  provided  the  supports  are  not  placed  too  far 
apart.  Horizontal  or  graded  lead  pipes  should  be  firmly  supported, 
wherever  possible,  throughout  their  entire  course,  by  strips  of  wood 
on  which  they  rest,  and  should  be  kept  in  place  by  brass  straps 
or  clamps.  Sometimes  it  is  necessary  to  fasten  horizontal  lead 
pipes  to  boards  nailed  to  the  under  side  of  ceilings.  In  such  a  case 
the  supports  must  be  placed  very  close  together  —  say  every  two 
feet.  If  insufficiently  fastened,  lead  pipes  are  soon  dragged  down 
by  their  own  weight,  besides  being  affected  by  changes  of  temper- 
ature, for  when  hot  water  passes  through  the  pipe  it  causes  the  pipe 
to  lengthen  and  hence  to  sag,  while  lead  does  not  return  to  its 
original  shape  on  cooling.  Once  out  of  line,  pipes  become  air 
bound,  or  freeze  in  winter  and  leak. 

Ordinary  hooks  should  never  be  used  in  fastening  lead  pipes. 
Hot-water  lines  should  always  be  so  fastened  as  to  allow  for  expan- 
sion and  contraction,  hence  it  is  better  to  use  brass  straps  in  place 
of  tacks  on  lead  pipes.  Brass  or  wrought-iron  pipes  need  no 
continuous  support,  but  should  be  put  up  by  means  of  adjustable 
iron-  or  brass-pipe  hangers,  which  make  a  neat  and  finished  look- 
ing job. 

The  aim  should  always  be  to  make  the  whole  arrangement  of 
supply  pipes  as  simple,  compact  and  direct  as  possible.  It  has  been 
truly  remarked  that  "the  course  which  water  pipes  take  in  a  house 
often  proclaims  the  skillful  mechanic."  Long  horizontal  runs 
under  floors  should  be  avoided  wherever  possible.  All  lines  should 
be  arranged  neatly  and  laid  out  so  that  they  do  not  cross  each  other 
or  dip  one  under  the  other.  No  line  of  supply  pipe  should  have 
unnecessary  depressions  or  dips,  in  which  water  stands  which  it  is 
difficult  to  drain,  nor  should  it  be  bent  up  in  its  course,  thereby 
becoming  air  bound;  and  while  this  rule  applies  to  all  lines,  it  is 
particularly  important  in  the  case  of  hot-water  pipes  to  avoid  an 
interruption  in  the  circulation. 

Hot-  and  cold-water  pipes  should  be  kept  at  least  one  inch, 
and  better  several  inches,  apart,  to  prevent  loss  of  heat  from  one  to 
the  other.     Where  they  run  in  the  same  direction,  they  should  be 
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fastened  truly  parallel  to  each  other.  Faucets,  and  in  particular 
ground-key  and  self-closing  bibs,  should  not  be  placed  at  the  end 
of  a  line  of  supply  pipe,  where  this  can  be  avoided,  but  should  be 
taken  from  the  side  of  the  pipe,  and  the  pipe  suitably  continued  so 
,  as  to  form  a  small  air  chamber. 

In  arranging  a  system  of  service  pipes  in  a  dwelling  the  cardinal 
rule  should  always  be  observed  that  all  lines  of  supply  pipes  be  so 
graded  that  they  may  be  readily  and  completely  emptied  at  some 
stop-and-waste  cock  or  draw-off  faucet,  when  the  water  is  shut  oflF 
from  the  house.  This  is  very  important  in  the  case  of  very  severe 
cold  weather  to  prevent  the  freezing  of  pipes,  as  we  shall  see  further 
on,  and  it  is  an  absolutely  necessary  condition  in  the  case  of  all 
houses  left  empty  during  the  winter  months,  such  as  summer  and 
seaside  residences,  etc.  In  this  connection  it  may  be  well  to  state 
that  no  check  valves  should,  as  a  rule,  be  used  in  lines  of  supply 
pipes.  Where  used,  their  number  and  location  should  be  remem- 
bered and  noted  by  the  house  owners,  for  such  check  valves  inter- 
fere with  the  complete  emptying  of  the  pipe  lines. 

This  leads  me  to  mention  the  importance  to  the  house  owners 
and  tenants  of  having  a  plan  of  the  water  supply  of  the  house  for 
reference  in  case  of  accidents,  repairs  or  alterations,  which  plan 
should  show  all  lines  of  pipes,  all  stop  valves,  faucets,  location  of 
fixtures,  check  valves,  etc.  I  would  also  point  out  the  necessity  of 
having  stop-and-waste  cocks  arranged  in  accessible  places,  to  iso- 
late and  shut  off  each  branch  line  separately,  thereby  avoiding  the 
annoyance  and  inconvenience  of  having  the  water  shut  off  from  the 
whole  house  for  hours  at  a  time,  or  even  longer,  when  perhaps  a 
slight  repair  is  required  at  a  single  fixture.  This  also  applies  to 
such  lines  which  supply  portions  of  a  house  which  are  particularly 
exposed,  and  which  it  may  be  desirable  to  shut  off  without  inter- 
fering with  other  fixtures  in  the  house.  In  the  best  work  stopcocks^ 
for  both  hot  and  cold  water,  are  arranged  at  each  fixture  and  at 
each  flushing  cistern  to  enable  one  to  shut  off  any  one  of  them 
separately. 

Another  principle  which  should  be  strictly  observed  is  to  arrange 
all  service  pipes  so  as  to  be  readily  accessible.  Therefore  water 
pipes  should  always  be  run  in  sight  above  the  basement  or  cellar 
floor  and  be  kept  out  of  partitions,  board  and  parquet  floors,  and 
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not  buried  in  plaster  work  where  it  is  difficult  to  get  at  them  in  case 
of  needed  repairs. 

Many  architects  and  buildtrs  prefer  to  hide  or  bury  the  pipes, 
but  I  consider  this  a  great  mistake,  which  many  a  house  owner  has 
found  out  when  too  late,  by  costly  damages  to  his  property. 

It  is  better  to  insist  upon  having  all  pipes  in  plain  sight;  not  only 
is  the  advantage  secured  thereby  of  being  able  to  trace  the  course 
of  every  pipe  in  case  of  inspection  without  the  necessity  of  moving 
boards  or  cutting  plastering,  but  the  very  fact  that  all  piping  re- 
mains in  open  view  compels  the  mechanics,  plasterers,  painters, 
carpenters  and  plumbers  to  finish  their  work  in  a  superior  manner. 
Without  doubt,  leakages  are  less  liable  to  remain  unnoticed  if  all 
pipes  are  arranged  in  sight. 

In  rare  cases  it  may  be  necessary  in  passing  through  principal 
rooms  on  the  parlor  floor  to  cover  the  pipes  up  by  a  finished  board 
or  casing  which  should  be  hinged  and  be  formed  like  a  narrow 
paneled  door  which  can  be  readily  opened.  Sometimes  pipes  must 
be  run  for  a  short  distance  between  floor  and  ceiling.  In  this  case 
they  should  not  be  fastened  to  the  beams,  but  be  laid  on  boards, 
put  on  strips  nailed  to  the  side  of  the  joists,  and  properly  graded. 
The  floor  boards  should  be  fastened  down  with  screws  or  else  trap 
doors  should  be  -arraiTged  so  that  one.  may  be  able  to  get  at  the 
pipes  without  difficulty.  Usually  pipes  may  be  left  fully  exposed, 
and  there  is  nothing  unsightly  in  a  well-finished  job  of  piping. 
If  desired,  wrought-iron  service  pipes  may  be  bronzed  or  gilded  for 
appearance's  sake.  Brass  pipes  may  be  shellacked,  which  protects 
them  against  corrosion.  In  the  most  expensive  work  such  pipes 
are  nickel-plated.  Lead  pipes  may  be  varnished,  but  in  no  case 
should  lead  or  brass  pipes  be  painted. 

In  case  of  large  buildings  and  especially  where  many  different 
pipe  lines  are  carried  up  in  special  pipe  shafts,  it  is  well  to  label 
each  pipe  and  stopcock  to  insure  its  correct  use  at  times  when 
needed.  It  is  impossible  to  foresee  when  the  pipes  in  a  building 
may  want  looking  after,  and  it  is  the  part  of  wisdom  to  make  pro- 
vision for  such  occurrence  by  keeping  the  pipes  and  stopcocks 
where  one  can  lay  hands  on  them  in  case  of  an  accident.  It 
always  pays  to  do  so,  and  where  one  meets  with  strong  objections 
against  an  open  arrangement  of  pipes,  an  explanation  that  it  is 
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more  economical  to  do  so,  in  other  words,  an  appeal  in  the  interest 
of  the  owner's  pocketbook,  generally  secures  his  consent. 

Wherever  supply  pipes  necessarily*  must  run  between  floors  and 
over  expensively  decorated  ceilings,  it  is  better  to  provide  a  zinc 
safe  properly  graded,  enclosing  the  service  pipe,  and  arranged  with 
a  drip  pipe  to  carry  off  leakage,  or  water  from  condensation  in  the 
case  of  iron  pipes.  As  a  rule,  however,  it  is  better  to  arrange  the 
entire  pipe  distribution  at  the  basement,  or  sometimes  at  the  cellar, 
ceiling. 

Prevention  of  Noise  and  Water  Hammer.  —  One  of  the  require- 
ments of  a  good  plumbing  system  is  that  it  should  be  perfectly 
noiseless  in  all  its  parts.  It  is,  however,  a  rather  difficult  matter 
to  accomplish  this. 

Noises  in  plumbing  pipes  and  fixtures  are  of  different  kinds  and 
due  to  a  variety  of  causes.  Sometimes  the  water  pipes  transmit  an 
objectionable  noise,  heard  more  or  less  throughout  the  whole  house. 
At  other  times  it  is  the  kitchen  boiler  which  emits  rumbling  sounds. 
Many  water-closets  have  a  very  noisy  flush,  or  the  flushing  cisterns 
refill,  after  emptying,  with  a  loud  noise,  or  the  ball  cock  emits  a 
whistling  sound.  ,  Again,  the  noise  of  water  flowing  through  a  soil 
or  waste  pipe  may  be  heard  in  a  reception  room  or  library,  or  where 
water  is  pumped  the  pump  riser  may  transmit  the  noise  due  to  the 
operation  of  the  pump,  or  one  may  hear  all  over  a  house  the  noise 
due  to  the  filling  of  a  bath  tub,  where  the  bath  bibs  are  placed  near 
the  top  of  the  tub.  Finally,  the  shock  due  to  water  hammer  in 
pipes  may  be  transmitted  and  annoy  the  inhabitants  of  a  dwelling 
or  apartment. 

For  some  of  the  noises  mentioned  the  remedy  is  not  diflicult  to 
find  and  easily  applied,  but  in  other  cases  the  abolishment  of  the 
noises  may  puzzle  even  the  best  experts. 

Noises  in  the  kitchen  boiler  have  been  referred  to  imder  the 
description  of  the  hot-water  apparatus.  The  noisy  refilling  of 
cisterns  may  generally  be  stopped  by  providing  the  water-inlet  pipe 
with  a  so-called  *'hush  pipe."  It  is  difficult  to  stop  entirely  the 
noise,  caused  by  the  flushing  of  water-closets  and  due  to  the  falling 
water,  which  in  passing  through  the  flush  pipe  must  drive  out  the 
air  before  it.  The'"Sanitas''  closet  is  probably  the  most  noiseless 
closet  on  the  market,  this  being  due  to  the  special  arrangement 
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adopted,  whereby  the  flush  pipe  is  always  kept  full  of  water,  so 
that  there  is  no  air  to  drive  out  (see  Fig.  83).  In  other  closets, 
like  the  "Silentis'*  closet  of  Mott's,  the  flush  pipe  is  provided  at 
its  lower  end  with  a  regulating  screw,  the  adjustment  of  which 
reduces  the  noise,  but  also  the  force  of  the  flush. 

It  is  generally  practicable  to  deaden  the  noise,  due  to  water 
flowing  in  waste  and  soil  pipes,  by  covering  the  pipes  with  a  good 
quality  of  non-conducting  covering,  where  they  pass  through  parti- 
tions or  in  wall  chases  having  only  a  thin  board  covering. 

The  pump  riser  may  be  made  noiseless  by  using  air  chambers 
at  the  pump,  by  setting  the  pump  on  a  felt  mattress,  by  adopting 
the  device  of  extra-strong  flexible  rubber  hose  instead  of  stiff  iron- 
pipe  connections  at  the  discharge  pipe,  and  finally  by  wrapping  the 
pump  riser  with  a  suitable  material. 

The  noise  due  to  the  water  falling  into  the  bath  tub  may  be 
avoided  by  supplying  the  tub  near  its  bottom  by  means  of  a  bell 
or  fan  supply  fitting. 

When  the  water  pressure  is  very  heavy,  but  also  in  other  instances, 
the  faucets  sometimes  emit  a  roaring  sound,  especially  when  opened 
only  part  of  the  way.  Very  often  this  is  caused  by  loose  washers 
in  the  bib,  particularly  so  in  the  case  of  the  Fuller  faucets;  in  some 
instances,  however,  the  noise  is  due  to  a  part  in  a  shut-off  on  the  pipe 
line  having  become  loose.  At  other  times  a  jarring  and  vibration 
of  the  supply  pipe  occurs,  combined  with  more  or  less  noise.  In 
such  cases  it  should  be  remembered  that  the  material  of  the  pipes 
has  nothing  whatever  to  do  with  it.  A  little  careful  watching  as 
to  the  exact  position  where  the  noise  originates  will  generally  help 
to  indicate  the  remedy  to  be  applied. 

Noise  in  the  water  pipes  due  to  water  hammer  can  usually  be 
effectually  stopped  by  the  use  of  pipe  air  chambers  placed  directly 
at  the  faucets,  or  a  spiral  tube  device,  known  as  an  anti-water- 
hammer  attachment,  may  be  used  and  fitted  up  directly  where  the 
water  service  enters  the  dwelling. 

Water  Hammef  in  Pipes.  —  When  water  flows  through  a  pipe 
under  pressure  it  acquires,  much  the  same  as  solid  bodies  in  motion, 
a  certain  momentum.  When  the  flow  is  suddenly  checked  or  shut 
off,  this  momentum  causes  a  shock,  not  only  at  the  valve  gate  but 
also  in  the  water  pipes,  which  is  technically  termed  water  hanmier. 
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Experiments  have  confirmed  the  view,  held  by  prax:tical  engineers, 
that  air  chambers  of  suitable  size  and  capacity  act  as  cushions  and 
thus  tend  to  greatly  reduce  the  force  of  the  water  hammer.  Where 
the  water  pressure  is  very  great,  it  is  advisable  to  use  stopcocks 
and  gate  valves  which  close  very  slowly.  Under  such  conditions, 
compression  faucets  are  much  to  be  preferred  to  ground-key. 
Fuller  or  self-closing  bibs;  fire  hydrants  should  always  be  shut  oflf 
very  slowly.  The  more  time  is  taken  to  close  a  faucet,  valve  or  hy- 
drant, the  smaller  will  be  the  impact.  The  maximum  pressure  due 
to  water  hammer  is  sometimes  ten  to  twelve  times  as  high  as  the 
initial  pressure,  and,  even  where  good  air  chambers  are  used,  the 
pressure  sometimes  reaches  four  to  five  times  the  static  pressure. 

Air  chambers  are  vessels,  or  vertical  pipe  enlargements  of  suit- 
able size,  attached  to  supply  pipes,  either  at  their  extreme  upper 
ends,  or  very  near  the  faucets,  and  containing  an  air  cushion  which 
is  intended  to  receive  a  part  of  the  blow,  due  to  water  hammer. 
Water  gradually  absorbs  the  air  of  these  air  chambers  and  hence 
proper  provision  should  be  made  for  recharging  them.  Horizontal 
pipe  extensions  intended  as  air  chambers  do  not  fulfill  the  object 
for  which  they  are  put  in. 

Important  experiments  on  water  hammer  were  carried  out  some 
years  ago  at  the  Imperial  University  of  Moscow,  at  the  suggestion 
of  the  late  Mr.  Nicholas  P.  Simin,  when  chief  engineer  of  the  Mos- 
cow water  works,  and  under  the  direction  of  Prof.  N.  Joukowsky. 

These  experiments  were  made  on  an  elaborate  scale,  and  the 
results  were  summarized  by  the  author  as  follows:  — 

1.  Hydraulic  shock  is  propagated  along  a  water  pipe  with  a 
constant  velocity.  The  velocity  does  not  depend  on  the  force  of 
the  shock,  but  upon  the  material  of  the  pipe  and  upon  the  ratio  of 
the  thickness  of  its  walls  to  its  diameter.  The  velocity  of  propaga- 
tion of  the  shock  wave  is  somewhat  smaller  for  large  pipes  than 
for  pipes  of  medium  size. 

2.  Hydraulic  shock  is  propagated  in  a  pipe  with  a  uniform  force. 
With  the  usual  cast-iron  pipe  of  medium  diameter,  a  pressure  is 
created  by  the  shock  equal  to  four  atmospheres  (59  lbs.)  for  each 
foot  per  second  of  velocity  lost;  in  large  pipes  it  is  smaller,  viz., 
three  (44  lbs.)  atmospheres. 

3.  The  shock  is  determined  only  by  the  lost  velocity. 
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4.  A  dangerous  increase  of  pressure  due  to  shock  arises  in  the 
passage  of  the  wave  from  large  to  pipes  of  small  diameter.  In  this 
way  the  pressure  of  the  shock  may  be  doubled  when  it  reaches  the 
closed  end  of  the  pipe.  The  remedy  is  to  use  long  increasing  or 
reducing  fittings  in  place  of  the  ordinary  "  bushings. " 

6.  The  simplest  means  to  protect  water  pipes  from  hydraulic 
shock  appears  to  be  to  use  devices  to  secure  a  slow  closing  of  valves 
and  faucets. 

7.  The  duration  of  the  closing  must  be  proportional  to  the 
length  of  the  pipe. 

Regarding  air  chambers,  the  report  states  that  if  they  are  of 
proper  dimensions  and  if  they  are  placed  near  the  valves  and  the 
cocks,  they  destroy  almost  entirely  hydraulic  shock  and  do  not  permit 
the  shock  waves  to  pass  through  them  when  they  are  placed  upon 
the  line  of  the  pipe.  But  the  preservation  of  air  in  the  chambers  is 
very  difficult. 

Safety  valves  placed  upon  the  line  of  pipe  allow  to  pass  by  them 
only  a  shock  corresponding  to  the  elasticity  of  the  spring.  (See  also 
Chapter  VII.) 

Prevention  of  Freezing  of  the  Supply  Pipes.  —  Many  of  the 
repairs  required  at  service  pipes  are  caused  by  the  freezing  of  the 
pipes.  This  is  a  matter  which  interests  householders  more  than 
other  details  of  plumbing  work.  It  is  also  a  matter  in  which  igno- 
rant plumbers  or  unscrupulous  builders  frequently  sin,  as  house- 
holders or  tenants  generally  find  out  during  the  first  winter  spent 
in  a  newly  erected  residence.  In  cold  cliiyiates  and  exposed  situ- 
ations much  damage  to  property  is  caused  by  the  effect  of  frost  on 
plumbing  work.  It  will  therefore  be  instructive  and  useful  to 
consider  what  measures  of  prevention  ought  to  be  taken  to  avoid 
the  freezing  of  water  pipes  and  of  the  plumbing  apparatus  generally. 

Much  can  be  done  by  a  judicious  planning  and  a  regard  to  a 
proper  location  of  plumbing  apparatus,  tanks,  fixtures,  and  supply 
pipes,  when  the  work  is  first  constructed.  One  should  avoid  all 
exposed  corners  of  a  building,  and  should  put  up  plumbing  fixtures 
only  in  rooms  and  closets  to  which  heat  can  be  supplied  in  winter 
time,  either  directly  or  else  by  keeping  open,  on  extremely  cold  days, 
the  doors  to  an  adjoining  warm  apartment. 

Water  pipes  should  never  be  run  on  the  outside  of  walls  or  in 
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places  where  they  could  be  affected  by  frost.  If  necessarily  placed 
where  they  are  exposed,  they  should  not  come  in  direct  contact  with 
external  walls,  which  are  easily  penetrated  by  the  cold,  but  should 
be  fitted  up  on  boards  nailed  to  narrow  strips,  fastened  to  another 
board  attached  to  the  walls.  The  air  space  between  protects  the 
service  pipes  to  some  extent.  It  is  well  to  plaster  the  weJI  in  such  a 
case  and  to  fasten  the  boards  to  the  plastering.  In  addition  to  this 
it  may  be  well  to  wrap  the  pipes  up  with  non-absorbent,  non-com- 
bustible, non-conducting  material,  such  as  felt,  asbestos,  or  mineral 
wool. 

Cold  or  exposed  places  in  basements  or  cellars,  and  spare  rooms 
in  upper  floors,  should  not  contain  any  service  pipes.  Such  pipes 
should  also  never  run  in  front  of  cellar  windows,  especially  at  the 
north  and  west  side  of  the  house.  In  country  or  suburban  residences 
it  is  well  to  fasten  the  cellar  doors  before  cold  weather  sets  in,  and 
to  see  to  it  that  all  windows  are  closed  and  broken  windows  repaired 
in  order  to  retain  the  warmth  of  such  places. 

The  open  arrangement  of  fixtures,  which  I  have  reconunended 
on  sanitary  grounds,  is  also  of  some  usefulness  in  preventing  traps 
or  supply  pipes  from  freezing.  For  the  same  reason  it  is  better  to 
keep  pipes  out  from  between  joists,  and  to  run  them  exposed  along 
ceilings  of  pantries,  kitchen  or  the  laundry  where  the  temperature 
of  the  air  is  generally  higher.  All  pipes  exposed  to  cold-air  currents 
in  shafts  are  very  liable  to  freeze  unless  suitably  packed. 

Where  service  pipes  are  run  in  chases  or  recesses  in  walls,  or  in 
vertical  hollow  flues  between  the  studs  of  partitions,  it  is  very  neces- 
sary that  all  upward  currents  of  air  from  the  cellar  be  prevented, 
and  all  draughts  cut  off,  by  closing  up  the  openings  between  floor 
and  ceilings  on  all  floors,  with  plaster-of-Paris,  cement,  or  otherwise. 
This  is  a  matter  frequently  neglected  where  plumbing  is  boxed  up 
and  hidden  from  view,  and  the  consequence  is  the  continuous  freez- 
ing of  pipes  at  every  cold  spell,  even  where  they  are,  to  all  appear- 
ances, properly  located. 

But  even  where  plumbing  work  is  properly  located  and  the  pipes 
well  arranged,  it  may  become  necessary  to  observe  certain  other 
precautions  to  prevent  the  freezing  of  pipes.  A  popular  remedy, 
but  one  which  cannot  be  approved  of  as  it  causes  an  enormous 
waste  of  water,  is  to  keep  some  faucet  open  during  cold  nights, 
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allowing  the  water  to  run  into  the  fixture.  This  plan,  while  avoid- 
ing successfully  one  evil  —  the  freezing  of  the  supply  pipe  —  very 
often  causes  in  the  end  the  same  serious  annoyance,  and  often 
damage  from  overflow  owing  to  the  freezing  of  the  waste  or  soil 
pipe.  It  has  come  to  be  usually  regarded  as  unobjectionable  to 
locate  soil  or  waste  pipes  in  exposed  or  outer  walls,  the  supposition 
being  that,  as  they  never  contain  any  standing  water,  there  is  no 
danger  of  freezing.  This  is  true,  but  it  does  frequently  happen, 
where  such  pipes  are  put  in  exposed  places,  that  a  very  slow,  trick- 
ling flow  of  water  from  a  faucet  passing  through  the  pipe  becomes 
chilled,  freezes  and  causes  an  obstruction  to  the  soil  pipe.  Hence 
it  is  a  wise  precaution,  before  winter  sets  in,  to  famine  all  faucets 
and  water  fittings,  and  to  repair  those  which  are  defective  and 
dripping. 

It  is  also  important  to  ascertain  whether  all  stopcocks  and  shut- 
offs  are  in  proper  working  order  and  readily  accessible.  If  this  is 
the  case,  the  best  preventive  measure  against  the  freezing  of  pipes 
in  very  cold  weather  is  the  shutting  off  of  the  water  supply,  and  the 
complete  emptying  of  the  pipes.  It  will  now  become  apparent 
why  the  proper  and  careful  grading  of  all  service  pipes  so  that  they 
can  be  completely  emptied  is  recommended.  It  will  also  be  under- 
stood why  sags  or  depressions  in  a  line  of  water  pipe  of  a  house 
unoccupied  during  the  winter  season  may  cause  the  bursting  of  a 
pipe,  and  damage  the  ceiling  when  the  water  is  again  turned  on  in 
the  spring. 

Where  the  system  of  water  supply  of  a  dwelling  is  arranged  as 
heretofore  described,  the  emptying  of  the  pipes  is  accomplished  as 
follows:  First,  shut  off  the  main  street  supply  at  the  cellar  wall, 
open  tlie  draw-off  faucet  (in  case  there  is  a  stop-and-waste  cock 
the  water  runs  out  at  the  small  waste  hole)  and  turn  open  those 
faucets  which  are  located  on  the  rising  main  line.  This  last  pre- 
caution is  necessary  in  order  to  completely  drain  the  pipes.  House- 
holders often  simply  shut  off  the  main  supply,  forgetting  to  empty 
the  pipes,  which  consequently  remain  full  of  water,  and  freeze. 
The  next  thing  to  do  is  to  empty  all  pipes  supplied  from  the  tank. 
Where  the  latter  is  located  in  a  warm  corner,  the  water  may  be 
retained  in  the  tank;  and  the  rising  main  is  emptied  by  closing  the 
stopcock  at  the  tank  or  the  cistern  valve  in  the  tank  and  opening 
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the  lowest  faucets  when  the  pressure  of  air  supplied  through  the  air 
tube,  which  ought  always  to  be  provided,  causes  the  water  to  flow 
out  at  the  taps.  If  the  tank  must  also  be  emptied,  this  should  be 
done  by  means  of  the  large  blow-oflf  pipe,  and  not  through  any  of 
the  smaller  service  pipes,  which  may  become  partly  or  entirely 
choked  with  sediment  from  the  tank. 

Care  of  Tanks. —  Tanks  and  cisterns  should  always  be  located 
where  they  cannot  freeze,  and  where  they  will  be  easily  accessible 
for  inspection  and  cleaning.  Their  overflow  pipes,  if  carried  into 
the  open  outside  air,  should  be  protected  against  cold  draughts  by  a 
hinged  flap  valve  placed  at  the  mouth  of  the  pipe.  The  operation 
of  cleaning  shouM  be  performed  at  least  every  three  months,  if 
drinking-water  is  drawn  from  the  tank.  It  is  better,  however,  to 
draw  drinking-water  at  the  pantry  sink,  which  should  be  supplied 
from  direct  pressure^  It  is  a  good  plan  to  fit  a  well-made  cover 
over  the  top  of  a  drinking-water  cistern,  but  in  this  case  aeration 
should  be  provided  by  carrying  two  pipes  from  top  of  tank  to  above 
the  roof.  The  weight  of  a  large  tank  should  be  properly  distributed. 
Where  the  tank  is  located  over  a  good  room,  or  an  expensively 
decorated  ceiling,  a  safe  of  sheet  lead  or  zinc,  with  well-tumed-up 
edges,  should  be  placed  under  the  tank,  and  a  large  drip  pipe  should 
run  from  it  to  the  nearest  fixture,  to  discharge  any  accidental 
leakage. 

Service  Pipes.  —  The  term  service  pipe  should  be  used  only  when 
speaking  of  the  supply  line  which  carries  water  from  the  street 
main  into  the  building.  The  service  pipe  ends  just  inside  of  the 
cellar  wall.  The  pipes  supplying  the  plumbing  fixtures  in  a  build- 
ing should  be  called  house-supply  pipes. 

Regarding  the  best  arrangement  of  the  service  pipes  outside  of 
the  house,  the  rule  should  be  followed  to  lay  all  such  service  pipes 
sufliciently  deep  in  the  ground  to  be  below  frost  level,  —  at  least 
four  and  one-half  feet  in  the  New  England  States,  and  not  less 
than  three  feet  in  localities  which  do  not  experience  very  severe 
winter  weather. 

Street  mains  are  sometimes  placed  at  a  lesser  depth,  because  of 
the  fact  that  the  water  in  them  is  constantly  in  motion.  Where  the 
main,  as  is  sometimes  the  case,  is  only  three  feet  deep,  the  service 
pipe  should  be  protected  at  the  junction  and  turned  iown  until 
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it  reax:hes  the  above-mentioned  depth.  In  entering  the  foundation 
walls  of  a  building,  it  is  best  to  insert  a  cast-  or  wrought-iron  pipe 
of  larger  bore,  through  which  the  service  pipe  may  pass,  the  joint 
between  the  wall  and  the  pipe  sleeve  being  made  water-tight. 

It  should  be  mentioned  that  in  some  made  or  filled-in  ground 
containing  cinders,  chemical  refuse,  lime,  or  furnace  ashes,  pipes 
of  wrought  iron  are  subject  to  a  very  rapid  corrosion.  To  avoid 
this,  the  pipes  should  be  painted  on  the  outside,  and  placed  in  clay 
puddle  or  be  covered  all  around  with  cement  or  sand. 

Connections  with  the  street  main  are  usually  made  by  inserting 
a  corporation  stopcock  by  means  of  a  tapping  machine.  The 
corporation  stopcock  is  a  brass  fitting,  which  is  sometimes  driven 
and  sometimes  screwed  into  the  main  pipe.  It  should  have  a  full 
waterway.  In  the  smaller  sizes  a  main  coupling  connects  the  lead 
or  galvanized-iron  service  to  the  tap,  short  pieces  of  bent  pipe  being 
inserted  to  attain  a  certain  degree  of  flexibility  to  prevent  breaks 
from  settlements  in  the  trench.  For  larger  sizes  a  pipe  loop,  made 
of  short  pieces  of  pipe  and  elbows,  is  used. 

Until  quite  recently  the  corporation '  tap  used  in  New  York  City 
was  of  a  type  which  practical  engineers  condemned  as  being  very 
defective.  It  was  merely  a  brass  tapered  hollow  plug,  driven  into 
a  hole  drilled  into  the  shell  of  the  street  water  pipe,. and  it  very  often 
and  very  readily  became  loose  and  leaky  in  consequence  of  a  strain 
on  the  service  pipe.  A  large  part  of  the  enormous  water  waste 
occurring  in  New  York  City  is  doubtless  due  to  this  faulty  method 
of  connection,  which  is  not  used  anywhere  else  to  my  knowledge. 

It  is  always  advisable  to  arrange  for  an  outside  or  sidewalk  shut- 
oflf  cock  or  valve  on  the  service  pipe,  so  that  the  water  may  be  shut 
off  from  a  building  without  entering  the  same.  This  also  obviates 
the  necessity  of  the  city  Water  Department  digging  down  to  reach 
the  corporation  cock  to  shut  off  the  water  in  case  of  need. 


Two  matters,  which  are  of  much  importance  in  connection  with 
the  water  supply  of  habitations,  and  which  reqiflre  special  mechan- 
ical equipment  and  installations,  have  not  been  gone  into.  One  is 
the  household  filtration  of  water,  by  means  of  mechanical  or  pressure 
filters  for  the  general  supply,  and  by  the  use  of  germ-proof  filters  for 


Fig.  170.    View  of  Mechanical  or  Pressure  Filter. 


Fig.  171.     View  of  Mechanical  or  Pressure  Filter. 
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the  limited  supply  of  drinking-water.  The  other  is  the  selection  of 
power  motors  for  the  lifting,  or  pumping,  of  the  water  into  the  house 
tanks,  and  which  comprise  caloric  or  hot-air  engines,  gas  pumping 
engines,  hand  pumps,  steam  and  electric  house  pumps.  Some  of 
the  more  frequently  used  house  filters  are,  however,  illustrated  in 
Figs.  170  and  171,  and  an  electric  screw  house  pump  in  Fig.  170. 
For  other  house  pumps  see  Figs.  186,  187,  188  and  189  in 
Chapter  VI. 

The  pumping  of  water  for  country  houses  by  means  of  hydraulic 
rams  or  engines,  by  windmill  pumps,  by  air  lift  and  other  devices, 
and  isolated  water-supply  plants  in  general  are  discussed  in  the 
author's  book,  "  The  Sanitation,  Water  Supply  and  Sewage  Disposal 
of  Country  Houses."     1909. 

The  next  chapter  will  deal  more  in  particular  with  the  water 
supply  of  large  city  buildings. 


CHAPTER  VI. 
THE  WATER  SUPPLY  OF  LARGE  MODERN  CITY  BUILDINGS. 

Mechanical  Equipment  of  Large  Buildings.  —  The  mechanical 
equipment  of  modem  large  city  buildings  has  been  the  topic  of 
many  discussions  In  recent  years,  but  while  much  attention  has 
been  given  to  the  steam-boiler  plant,  the  heating  and  ventilation 
system,  the  elevator  equipment,  the  electric-light  and  power  instal- 
lation, and  the  refrigerating  machinery,  the  water  supply  and  inci- 
dental fire  protection  of  such  buildings  have  usually  been  passed  over 
with  only  a  few  words. 

The  Water-supply  Plant.  —  Of  all  the  complicated  engineering 
equipments  of  large  buildings  the  water-supply  plant  is,  in  my 
judgment,  second  to  none  in  importance.  Not  only  is  the  supply 
of  wholesome  water  for  drinking  a  very  essential  sanitary  require- 
ment, but  the  running  of  the  boilers,  of  the  hydraulic  elevators,  of 
the  refrigerating  and  ice-making  machinery,  and  of  other  apparatus 
depends  upon  a  proper  and  abundant  water  supply. 

A  modern  large  building,  be  the  same  an  office  or  other  commercial 
building,  a  department  store,  a  hotel  or  a  hospital,  requires  the 
^  planning  and  construction  of  an  elaborate  water-supply  equipment 
which  is  often  more  intricate  and  therefore  more  difficult  to  design 
than  that  for  a  town  of  good  size.  Large  buildings,  like  those 
mentioned,  may  be  aptly  considered  as  small  communities,  whose 
many  needs  and  requirements  for  comfort  and  convenience  must 
be  carefully  studied  and  provided  for  by  the  engineer,  if  the  build- 
ing is  to  be  considered  suitable  for  the  purpose  for  which  it  is  erected, 
and  if  it  is  not  to  prove  commercially  a  failure,  where  it  contains 
offices  let  to  tenants.  A  large  amount  of  study,  care,  skill  and  prac- 
tical experience  is  required  to  lay  out  and  provide  an  efficient 
water-supply  plant  for  such  buildings. 

Water  is  required  in  them  for  many  and  varied  purposes,  such  as 
for  drinking  at  sinks  and  drinking  fountains;  for  the  daily  ablution 
in  lavatories,  bath  tubs,  shower  and  spray  baths;  for  washing  pur- 

284 


WATER  SUPPLY,  ETC.,  OF  MODERN  CITY  BUILDINGS.       28$ 

poses,  in  the  laundry;  for  the  cooking  operations;  for  the  supply 
of  the  heating  boilers;  for  the  running  of  the  hydraulic  elevators; 
for  the  ammonia  condensers  of  the  refrigerating  plant  and  also 
for  the  ice-making  apparatus;  for  the  flushing  of  water-closets, 
urinals  and  slop-sinks;  for  the  washing  of  windows,  cleaning  of 
floors  and  scrubbing  generally;  for  the  sprinkling  of  sidewalks, 
courts  and  yards;  for  ornamental  fountains;  for  watering  flower  beds, 
gardens  and  lawns,  and  last,  but  not  least,  for  fire-extinguisHing 
purposes. 

For  some  of  the  purposes  named  hot  as  well  as  cold  water  are 
required,  and  for  drinking  purposes  the  water  is  frequently  cooled 
artificially.  Special  apparatus  for  distilled,  for  sterilized  and 
aerated  or  carbonated  water  is  required  in  the  modem  hospital. 
Sometimes  water  of  different  degrees  of  purity  is  provided  for; 
thus,  deep  well  water,  even  if  unsuitable  for  drinking,  may  be 
utilized  for  the  ammonia  condensers  and  for  the  washing  of  floors 
and  windows;  a  salt-water  supply  is  in  some  cases  provided  for 
bathing,  for  flushing  out  the  fixtures  of  toilet  rooms  and  for  sprink- 
ling and  fire  service. 

Requirements  for  a  Water  Supply.  —  Whatever  the  character  of 
the  water  supply  may  be,  three  matters  of  paramount  importance 
interest  us,  namely,  the  quality,  the  quantity,  and  the  pressure. 

The  water  must  be  pure  and  wholesome,  it  must  be  available  in 
ample  volume  and  it  must  flow  on  all  floors  of  the  building  imder 
a  good,  though  not  excessive,  pressure.  In  a  well-designed  water- 
supply  plant  all  three  conditions  must  be  fulfilled.  Where  only  one 
or  two  are  provided  for,  while  the  others  are  lacking,  the  system 
is  necessarily  more  or  less  imperfect. 

In  arranging  for  the  supply  of  city  buildings,  we  are  compelled 
to  take  the  water  as  it  comes  from  the  street  mains,  unless  we  choose 
to  take  the  rather  uncertain  course  of  providing  an  artesian-well 
supply,  which  more  often  than  not  proves  a  failure.  If  we  take  the 
city  water,  we  cannot  control  any  of  the  three  requirements  named 
above. 

If  the  quality  of  the  water  is  not  above  suspicion,  it  should  not  be 
used  for  drinking  purposes  without  previous  filtration  or  distillation; 
if  the  water  is  full  of  suspended  impurities  or  muddy  and  turbid, 
it  will  foul  the  house  pipes  and  tanks  and  leave  deposits  in  the  steam 


286  THE  WATER  SUPPLY,  SEWERAGE  AND 

boilers,  and  therefore  means  must  be  provided  to  clarify  it  by  strain- 
ing it  in  large  filters. 

If  the  pressure  of  water  is  insufficient,  it  will  fail  to  supply  more 
than  the  lowest  floors  directly,  and  the  bulk  of  the  water  used  in  the 
building  must  be  pumped.  If  the  street  mains  are  too  small,  the 
quantity  available  per  minute  will  be  insufficient,  and  provision 
must  be  made  in  the  building  for  the  storing  up  of  a  large  volume 
in  storage  tanks  (both  in  surge  tanks  and  in  house  or  pressure  tanks) , 
in  order  to  maintain  a  sufficient  supply  during  the  hours  of  maximum 
consumption,  when  the  supply  available  from  the  city  connection 
is  usually  the  smallest. 

Water  supply  Equipment.  —  The  water-supply  plant  for  large 
buildings  comprises: 

(a)  corporation  taps  or  large  branch  connections  with  the  street 
mains; 

(6)  service  pipes  to  bring  the  public  supply  into  the  buildings; 

(c)  fish  traps  to  prevent  any  obstructions  such  as  eels  or  fish 
in  the  street  mains  from  getting  into  the  meters  and  house 
pipes; 

(rf)  gate  and  check  valves  to  control  and  shut  oflf  the  entire  supply; 

(e)  water  meters  to  measure  the  consumption  for  the  purposes  of 
establishing  the  water  charges  or  rates  to  be  paid  by  the  owner; 

(J)  water-filtering  apparatus  to  clarify  and  render  suitable  for 
general  use  the  entire  water  supplied  by  the  street  mains; 

(g)  suction  or  surge  tanks  into  which  water  flows  from  the  street 
connections,  to  be  stored  and  made  available  for  the  pumps; 

(h)  water-pumping  apparatus,  comprising  house  and  fire  pumps 
to  make  the  water  available  for  the  upper  stories  and  for  fire  service; 

(i)  storage  tanks  to  cause  a  flow  of  water  under  suitable  pressure, 
the  storage  being  effected  by  either  roof  and  intermediate  tanks 
or  by  pressure  tanks; 

(j)  water-distribution  lines,  forming  either  a  header  or  a  circuit 
system  with  the  necessary  controlling  valves; 

(k)  supply  risers  for  cold  and  hot  water  and  branches  to  the 
plumbing  fixtures; 

(/)  to  which  are  often  added  circulation  lines  for  the  hot  water; 

(m)  besides  numerous  other  accessories,  such  as  hot-water 
heaters,  with  sight  or  recording  thermometers  and  thermostats. 
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gauge  boards  with  steam-,  air-  and  water-pressure  gauges,  air  com- 
pressors and  air-storage  tanks; 

(n)  and  finally  the  necessary  fire-protection  and  fire-extinguish- 
ing apparatus,  comprising  fire  pump,  inside  lines  of  standpipes, 
with  fire  valves,  hose  and  nozzles,  reels  or  racks  to  support  the 
hose,  and  outside  or  street  connections  for  the  fire  department. 

Before  taking  up  more  in  detail  some  important  parts  of  such  a 
water-supply  plant,  a  few  general  considerations  regarding  quantity, 
quality  and  pressure  may  be  helpful  to  a  correct  understanding  of 
the  subject. 

General   Considerations. 

Amount  of  Water  Required.  —  In  planning  the  water  supply  for 
a  proposed  large  building  the  first  thing  to  determine  is  the  maximum 
daily  amoimt  of  water  required.  This  will  necessarily  depend  upon 
the  character  of  the  building,  its  size,  number  of  stories,  and  the  num- 
ber of  tenants,  both  temporary  or  transient  and  permanent.  Where 
the  building  is  intended  for  occupancy  day  and  night,  as,  for  instance, 
in  the  case  of  a  hotel  or  a  hospital  or  other  institution,  a  larger  volume 
of  supply  is  required  than  where  the  building  is  occupied  for  only 
a  certain  number  of  hours  per  day,  as  in  an  office  or  commercial 
building.  It  is  furthermore  a  matter  of  observation  and  record  that 
the  consumption  of  water  in  a  building  increases  with  the  number 
of  plumbing  fixtures  provided.  The  greater  the  number  of  faucets 
or  taps,  the  more  water  will  be  consumed,  or  rather  wasted,  through 
faucets  carelessly  left  running. 

A  fair  and  generous  average  allowance  for  domestic  consumption 
per  capita  per  diem  would  be  sixty  United  States  gallons  of  water. 
If  the  total  number  of  persons  occupying  the  building  can  be  ascer- 
tained beforehand  with  any  degree  of  accuracy,  the  supply  required 
by  them  can  be  estimated,  but  to  this  quantity  should  then  be  added 
the  supply  for  the  boilers,  which  is  very  large  where  steam  is  generated 
not  merely  for  heating  but  also  for  power  purposes,  the  supply 
required  for  high-pressure  boilers  being  at  least  four  gallons  (30  lbs.) 
per  horse-power  hour.  A  further  increased  allowance  must  be  made 
if  the  building  is  to  contain  a  refrigerating  plant,  for  if  this  is  kept 
constantly  running,  as  is  usual  where  refrigerators  and  ice  boxes 
are  kept  cool  by  brine  circulation,  the  amount  of  water  consumed 
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is  sometimes  very  large,  being  from  ij  to  2  gallons  of  water  per 
minute  per  ton  of  refrigeration,  according  to  the  temperature  of 
the  water. 

In  large  buildings  it  is  also  of  much  importance  to  keep  an  abun- 
dant supply  of  water  under  suitable  pressure  available  for  fire- 
extinguishing  purposes,  besides  a  further  supply  in  large  surge  or 
suction  tanks  to  be  drawn  upon  by  the  pumps. 

Consumption  of  Water.  —  It  is  a  matter  of  record  that  the  more 
plumbing  there  is  in  a  building,  the  higher  will  be. the  per  capita 
consumption  and  likewise  the  proportion  of  preventable  waste. 
Excessive  waste  of^  water  does  not  occur  in  tenements  or  homes 
of  the  working  class,  but  rather  in  houses  of  well-to-do  people. 
Among  other  buildings  where  water  is  used  most  lavishly  are  the 
hospitals  for  insane  patients,  the  consumption  running  sometimes 
as  high  as  150  and  even  200  gallons  per  person  daily. 

According  to  recent  sewer  gaugings,  the  consumption  at  the  Kings 
Park,  L.I.,  State  Hospital,  including  the  laundry  water,  was  132 
gallons  per  person  per  day,  and  at  the  State  Insane  Hospital  of  West 
Virginia  it  was  91  gallons.  These  figures  are  obviously  below  the 
actual  consumption  for  the  reason  that  water  used  for  sprinkling 
lawns,  washing  carriages  and  stables  and  watering  horses  and 
cattle  does  not  reach  the  sewers. 

In  a  recently  opened  large  general  hospital  in  New  York  City 
the  writer  found,  by  actual  meter  measurements,  the  per  capita 
daily  consumption  to  be  at  the  rate  of  305  gallons,  a  very  excessive 
consumption,  due  partly  to  unusual  carelessness  in  keeping  faucets 
running,  and  partly  to  the  running  of  an  ice-making  and  refrigerating 
plant. 

In  one  of  the  lately  completed  large  New  York  hotels  the  average 
daily  amount  of  water  used  for  all  purposes,  including  refrigerating 
plant,  elevator  machinery,  heating  and  power  machinery,  as  ascer- 
tained by  actual  meter  measurements  extending  over  a  whole  month, 
was  18,665  cubic  feet,  or  140,000  U.  S.  gallons.  The  average  total 
population  during  the  same  month  was  425,  including  employees, 

140,000 
making  a  per  capita  consumption  of  =  329  U.  S.  gallons. 

Deducting  from  the  above  total  daily  supply  the  very  large  amount 
used  by  the  refrigerating  plant   (9370  cubic  feet),  and  also  from 
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1000  to  2000  cubic  feet  for  the  boiler  feed  water,  this  leaves  from 
7295  to  8295  cubic  feet  or  from  54,712  to  62,212  gallons  for  the 
direct  use  of  guests  and  employees,  which  is  equivalent  to  from 
128  to  146  gallons  per  capita  per  diem. 

Waste  of  Water.  —  The  annual  reports  of  waterworks  superin- 
tendents of  cities  are  full  of  complaints  about  the  waste  of  water, 
which  goes  on  not  only  in  winter  time  to  prevent  plumbing  from 
freezing,  but  at  all  other  seasons.  It  is  this  constant  waste,  due 
either  to  willful  negligence  or  to  defective  and  leaky  plumbing, 
which  causes  the  exorbitant  consumption  of  water  of  many  Amer- 
ican cities.  In  one  recent  report  on  waste  of  water,  it  is  stated  that 
"where  no  charge  is  made  for  water  used  in  public  buildings  it 
often  happens  that  little  or  no  attention  is  given  by  the  officials  in 
charge  to  prevent  the  extravagant  use  or  waste  of  water.  For  this 
reason  the  quantity  used  is  sometimes  very  large^  Public  and 
private  institutions,  which  receive  the  water  free  of  charge,  are  apt 
to  overlook  the  fact  that  the  water  which  they  so  recklessly  waste 
represents  to  them  a  considerable  money  expenditure  in  their  con- 
sumption of  coal,  first,  for  the  pumping  of  the  largest  part  of  the 
water  to  tanks,  and  second,  for  the  heating  of  from  one-third  to 
one-half  of  the  amount. 

Water  used  with  the  ammonia  condensers  of  a  refrigerating 
plant  should  never  be  allowed  to  run  to  waste  into  the  sewer,  yet 
this  waste  occurs  in  some  buildings.  Being  clean  water  it  can  gen- 
erally be  utilized  either  in  the  feed- water  heaters  for  the  steam 
boilers,  or  it  can  be  pumped  into  the  hot-water  tanks.  It  should 
not,  however,  as  has  been  suggested,  be  used  for  the  flushing  of 
plumbing  fixtures,  for  it  is  warm  water  at  from  80  to  90  degrees 
Fahrenheit,  and  experience  has  shown  that  the  use  of  it  for  flushing 
water rclosets,  urinals,  and  slop-sinks  is  objectionable.  Either  cold 
or  very  hot  water  should  be  used  for  this  purpose. 

Regarding  waste  of  water  by  faucets  carelessly  left  running, 
few  water  takers  stop  to  think  that  "sufficient  water  will  flow  in 
24  hours  through  an  orifice  no  greater  than  a  lead  pencil,  under 
an  average  pressure,  to  furnish  an  ample  domestic  supply  for 
360  persons,  and  that  more  water  will  flow  through  an  orifice  the 
size  of  an  ordinary  pin  than  would  be  used  by  a  fairly  economical 
family  of  5  persons.''     (See  also  Table  No.  XI.) 
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In  the  face  of  such  indisputable  facts  regarding  water  waste, 
would  a  conscientious  engineer  be  justified  in  making  allowance  for 
an  expected  extravagant  wasle  of  water  in  the  figures  which  he  uses 
as  a  basis  for  the  calculation  of  the  principal  dimensions  of  a  pro- 
posed plant  for  a  building  ? 

Waste  of  water  is  both  wanton  and  costly;  it  must  be  reduced  or 
kept  down,  and  the  best  way  to  accomplish  this  is  to  charge  for  the 
water  by  meter  rates.  No  engineer  should  use  figures  indicating  a 
very  wasteful  use  of  water  in  designing  or  laying  out  a  water  plant. 

"  The  habit  of  wasting  city  water  by  people  whose  supplies  are  not  metered 
is  too  deeply  fixed  to  be  easily  uprooted.  A  few  years  ago  a  faucet  in  one  of  the 
public  halls  of  Brooklyn  was  left  open  through  a  winter  water  famine,  and 
it  is  a  matter  of  record  that  the  consumption  flies  up  during  every  cold  snap 
because  people  insist  on  leaving  their  taps  open  at  night  to  prevent  their  pipes 
from  freezing.  The  normal  consumption  of  water  per  capita  tends  to  increase 
steadily  and  should  increase.  The  increase  of  bath  tubs  and  the  increased  use 
of  them  are  factors  in  the  maintenance  of  the  public  health.  But  if,  in  addition 
to  this  desirably  lavish  use  of  public  water,  we  are  to  face  a  widespread  and 
growing  waste  from  people  who  let  the  city  water  run  directly  down  the  sewers, 
nothing  smaller  than  Lake  Superior  will  do  for  the  ultimate  supply  of  New 
York.  To  prevent  such  wholesale  waste  we  may  have  to  come  to  a  general 
adoption  of  water  meters.  They  would  tend  to  reduce  consumption  in  some 
cases  where  it  should  not  be  reduced." 

By  the  foregoing  article,  quoted  from  the  Brooklyn  Daily  Eagle^  the  Water 
and  Gas  Review  calls  attention,  among  other  things,  to  **  a  feature  of  water 
waste  that  is  attracting  the  attention  of  public  officials  in  all  the  large  cities 
of  the  countr)',  viz.:  the  waste  of  w^ater  in  public  buildings,  schools,  institu- 
tions, etc.,  which,  in  every  locality  where  it  prevails,  is,  beyond  question,  a 
heavy  contributor  to  the  general  excessive  consumption.  Municipal  economy 
in  the  use  of  a  public  water  supply  is  very  much  like  municipal  economy  in 
many  other  particulars.  With  the  rapid  growth  of  cities  the  difficulty  of  obtain- 
ing and  maintaining  an  adequate  supply  of  good  water  becomes  a  very  serious 
one.  Many  cities  have  to  go  a  long  distance  for  their  supplies,  spending  vast 
sums  of  money  in  the  building  and  maintenance  of  conduits.  Careless  and 
unrestricted  use  of  water  causes  these  conduits  to  reach  the  limit  of  their 
capacity  long  before  they  should,  and  necessitates  the  building  of  new  lines 
and  very  often  the  procurement,  at  heavy  expense,  of  new  sources  of  supply. 
It  is  safe  to  say  that  nearly  all  cities  have  to  meet  an  enormous  financial  outlay 
for  pumping  considerably  more  water  than  is  required  for  legitimate  use." 

"  The  waterworks  officials  of  a  city  of  Western  New  York  discovered  a  few 
years  ago  that  the  consumption  was  fast  reaching  that  limit,  making  it  neces- 
sary for  them  to  take  immediate  steps  to  reduce  the  consumption  by  stopping 
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all  waste  possible,  thus  prolonging  the  usefulness  of  the  conduit.  This  led  to  a 
study  of  methods  by  which  this  reduction  could  be  accomplished.  The  matter 
of  public  waste  was  taken  up  and  the  public  schools  of  the  city  were  selected  to 
inaugurate  the  movement.  There  were  thirty-four  of  these  buildings,  and  after 
a  test  of  about  six  months  with  a  meter  on  each,  a  wide  variance  in  daily  con- 
sumption was  shown,  ranging  from  about  2  to  about  500  gallons  per  pupil, 
showing  plainly  that  there  must  have  been  very  great  waste.  In  one  period  of 
three  months  it  was  shown  that  the  average  daily  consumption  was  about  20 
gallons,  or  two-thirds  of  a  barrel  of  water  for  each  pupil .  The  average  number 
of  gallons  used  daily  in  all  of  the  schools  for  the  three  months  was  about 
450,000  gallons,  or  3.6  per  cent  of  the  city's  entire  consumption,  and  repre- 
sented a  value,  figured  at  the  rates  charged  there,  of  about  $1000  per  month. 
No  compensation  was  received  by  the  water  department  for  water  used  for 
municipal  purposes. 

"  Little  or  no  elTort  had,  apparently,  been  made,  prior  to  the  introduction  of 
meters,  to  prevent  waste  of  water  through  defective  fixtures,  and  it  was  further 
shown  that  such  waste  not  only  occurred  during  the  time  the  schools  were  in 
session,  but  was  also  allowed  to  continue  during  vacation  periods.  After  the 
placing  of  the  meters  the  water  was  turned  off  from  the  buildings  during  all 
vacations.  This  fact  made  it  evident  that  the  use  of  water  in  the  schools  before 
they  were  metered  was  even  greater  than  the  record  showed.  There  is  no 
doubt  that  most  of  the  waste  in  schools  is  due  to  lack  of  proper  care  of  plumb- 
ing and  to  carelessness  of  children  in  leaving  water  running  from  the  faucets. 
To  remedy  these  conditions  a  thorough  inspection  of  each  school  should  be 
made  with  regard  to  the  condition  of  the  fixtures  and  to  ascertain  what  circum- 
stances exist  that  might  tend  to  increase  or  decrease  the  legitimate  use  of  water, 
and  from  this  basis  a  reasonable  per  capita  consumption  of  each  school  be 
arrived  at.  Whenever  this  consumption  is  exceeded  to  any  large  extent,  the 
school  officials  should  be  held  responsible.  Through  the  hearty  cooperation 
of  both  water  and  school  officials  in  this  matter  there  could  be  effected  in  every 
city  a  ver}'  great  saving  of  water. 

"  The  same  conditions  that  exist  in  the  school  buildings  are  found  in  other 
public  buildings,  and  the  same  cooperation  between  those  who  are  responsible 
for  their  care  and  maintenance  and  the  water  department  would  soon  remedy 
the  water- waste  e\al.  Even  public  officials  and  their  subordinates  should  be 
educated  to  realize  the  fact  that  the  process  of  furnishing  water  for  municipal 
purposes  is  one  of  pouring  water  in  great  volume  into  one  end  of  a  conduit  from 
which  it  dribbles  at  a  thousand  different  points  and  in  almost  as  many  ways. 
The  problem  is  to  furnish  an  ample  supply  for  legitimate  uses  and  to  stop  the 
waste  at  every  point  possible." 

The  water  registrar  of  New  York  City  in  his  report  for  1906  traced  the 
enormous  waste  of  water  annually  occurring  in  the  city  to 

(i)  Leaky  faucets  and  fixtures; 

(2)  Improper  arrangement  of  pipes  of  the  hot-water  system; 
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(3)  The  installation  of  hot  water  supply  systems  without  proper  circulation; 

(4)  The  use  of  water  in  testing  the  rough  work  in  new  buildings;  and 

(5)  The  continuous  flow  of  water  at  many  watering-troughs  for  horses  and 
at  drinking-fountains. 

His  report  also  states  that  in  90  per  cent  of  the  buildings  inspected  the  flush- 
ing tanks  and  valves  were  of  inferior  quality,  and  a  very  cheap  grade  of  brass 
castings  was  used. 

He  suggests  either  to  compel  owners  to  put  in  a  better  quality  of  water 
fittings,  or  to  meter  the  entire  premises.  He  also  calls  attention  to  the  fact  that 
frequently  hot-  and  cold-water  pipes  are  run  side  by  side  throughout  the 
premises,  so  that  a  person  wanting  to  draw  cold  water  has  to  waste  several 
gallons  before  the  water  runs  sufficiently  cold.  He  points  out  a  defective 
arrangement  which  is  quite  common,  and  to  which  I  have  referred  elsewhere  in 
this  book,  namely,  that  systems  of  hot-water  piping  in  buildings  are  numerous 
where  the  circulation  pipe  is  entirely  lacking,  so  that  when  one  wishes  to  draw 
hot  water  one  has  to  waste  a  large  amount  before  the  water  runs  quite  hot.  To 
remedy  these  defects  he  advises  the  installation  of  circulation  pipes,  and  the 
insulation  of  all  hot-water  pipes  with  proper  non-conducting  covering,  so  that 
the  hot-water  pipe  will  not  heat  up  the  adjoining  cold-water  pipe.  All  of 
which  is,  of  course,  nothing  new,  but  it  is  praiseworthy  to  find  the  subject  so 
ably  discussed  in  an  oflidal  report. 

Estimates  of  Amount  of  Water  to  be  provided. — In  a  recent 
engineering  discussion,  the  following  rough  estimates  of  daily 
allowance  for  water  in  office  buildings  was  given: 

A  gallon  per  square  foot  of  office  space  for  ablutions  (sinks, 
lavatories). 

x^  gallon  per  square  foot  of  office  space  for  flushing  water-closets 
and  urinals. 

T^  gallon  per  square  foot  of  office  space  for  the  refrigerating 
plant. 

It  would  seem  to  me  to  be  better  to  base  calculations  on  the  num- 
ber of  plumbing  fixtures,  or  upon  the  number  of  occupants,  or  both, 
rather  than  to  average  them  by  the  floor  space. 

Water  Taps  and  Services.  —  The  data  and  facts  mentioned  should 
guide  an  engineer  in  the  determination  of  the  sizes  and  number  of 
water  taps,  or  of  the  branch  connections  for  the  mains.  It  is  also 
necessary  to  take  into  consideration  the  size  of  the  street  main,  and 
whether  the  main  is  a  low-  or  a  high-pressure  main.    Lastly,  the 
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length  of  the  service  pipe  or  house  connection  plays  an  important 
part  in  the  volume  of  supply,  for  the  longer  the  service  or  branch, 
the  greater  will  be  the  friction  of  the  water  flowing  through  the  pipe, 
and  the  less  volume  of  water  will  be  discharged  at  the  end  of  a  pipe 
of  given  size,  under  the  same  pressure.  For  instance,  a  two-inch 
lead  or  iron  service  pipe,  35  feet  long,  will  discharge  under  30  pounds 
pressure  250  gallons  of  water  per  minute,  but  if  the  length  of  the 
service  pipe  is  increased  to  100  feet,  the  other  conditions  remaining 
the  same,  it  will  supply  only  160  gallons.* 

The  ordinary  size  of  tap  permitted  by  Water  Departments  for 
a  private  dwelling  is  one-half  or  five-eighths  inch  in  diameter;  for 
larger  mansions  three-quarters  and  one-inch  taps  are  conceded  usu- 
ally upon  the  condition  that  the  water  be  supplied  by  meter  meas- 
urement. In  some  cases,  the  man  with  a  big  political  pull  is  able  to 
obtain  a  larger  water  tap  than  another  man  without  such  affiliation. 
Such  sizes  are,  of  course,  quite  inadequate  for  the  supply  of  the  large 


Fig.  1 72.     Connection  of  Service  Pipe  with  Water  Main  by  Corporation  Stopcock. 


buildings  to  which  reference  is  made  in  this  chapter.  For  these 
the  sizes  of  taps  vary  from  two  to  four  inches.  Often  more  than  one 
such  large  tap  is  required.  Where  the  building  extends  from  one 
street  to  a  parallel  street  in  the  rear,  it  is  a  good  plan  to  provide  a 
tap  in  each  of  the  streets,  so  that  when  one  street  main  is  temporarily 

♦  See  Table  of  Flow  of  Water  in  House  Service  Pipes,  in  Kent's  Mechanical 
Engineer's  Pocketbook,  p.  578. 
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shut  off  for  repairs  or  for  making  connections,  the  building  shall 
continue  to  receive  its  supply  from  the  other  tap.  It  is  also  well  to 
remember  that  at  least  twenty-five  per  cent  more  water  may  be 
obtained  by  enlarging  the  service  pipe  immediately  on  the  house 
side  of  the  street  tap.     (See  Fig.  172.) 

Examples,  — For  a  large  group  of  hospital  buildings  occupying 
an  entire  city  block  the  writer  provided  for  four  four-inch  connec- 
tions, but  the  Water  Department  having  refused  permission  for  this 
contemplated  supply,  and  having  authorized  the  insertion  of  only 
four  two-inch  taps  or  branches,  each  service  main  was  increased  to 
four  inches,  so  that  four  four-inch  mains  were  brought  into  the  pump 
room,  thereby  securing  a  much  larger  supply  of  water.  In  a  hotel 
building  having  nineteen  stories  above  the  street  and  four  stories 
below  the  street  or  sidewalk  level,  the  Water  Department  granted 
the  use  of  two  two-  and  one  four-inch  branches,  which  were  enlarged 
to  four  and  six  inches  respectively  to  insure  a  better  and  more 
abundant  supply.  For  another  still  larger  hotel  two  four-inch  and 
one  six-inch  connections  were  provided.  For  a  courthouse  and 
post-office  building,  occupying  a  floor  area  of  36,400  square  feet 
(an  entire  city  block),  four  two-inch  taps  and  one  four-inch  connec- 
tion (the  latter  for  the  boiler  plant)  were  planned. 

Some  curious  stories  are  related  regarding  the  provision  of,  or 
rather  the  failure  of  providing,  water  taps  for  buildings.  In  one 
case,  quoted  below,  an  "honest ''  plumbing  contractor  failed  to  con- 
nect the  building  with  the  street  main,  while  in  the  second  instance 
a  mistake  was  made  by  tapping  the  street  gas  main  instead  of  the 
water  main. 

"  Many  of  the  patrons  of  the  new hotel  at left  the  hotel 

because  there  was  no  water  in  the  house.  The  hotel  was  never  connected 
with  the  water  main,  and  since  its  opening  water  had  been  supplied  by  means 
of  a  bucket  service  from  a  near-by  fire  hydrant.  The  W^ater  Commissioners 
ordered  the  discontinuance  of  this  method.  The  hotel  cost  nearly  a  quarter 
million  of  dollars,  but  the  man  who  had  the  plumbing  contract,  and  who  had 
been  paid  in  full,  had  failed  to  connect  the  hotel  with  the  water  main  in  the 
street." 

"  An  interesting  story  of  a  Connecticut  plumber  who  by  reason  of  his  alert- 
ness and  skill  made  a  ludicrous  mistake  is  being  told  by  his  friends.  A 
resident  who  wished  his  house  plumbing  system  of  water  supply  connected 
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with  the  dty  mains  had  a  plumber  do  the  tapping,  which  he  executed  skillfully 
and  quickly,  and  on  going  into  the  house  opened  the  kitchen  faucet,  expect- 
ing to  have  a  rush  of  air  and  then  a  gush  of  muddy  water,  but  instead  the  air 
rushed  out  in  an  undiminished  volume  and  filled  the  house  with  an  odor  far 
more  objectionable  than  any  dty  water.  Looking  around  for  the  mistake,  the 
journeyman  touched  a  lighted  match  to  the  faucet,  and  immediately  a  bright 
flame  shot  up,  lighting  the  house  and  giving  the  plumber  considerable  enlight- 
enment at  the  same  time,  for  he  had  tapped  the  gas  instead  of  the  water  main." 

Capacity  of  Filters.  — Where  the  supply  is  to  be  filtered,  the 
available  quantity  will  depend  primarily  upon  the  capacity  of  the 
filters  selected.  These  should  therefore  always  be  chosen  generous 
in  size  and  sufficient  in  number.  The  service  connections  should  be 
as  short  as  practicable,  and  therefore  filters  and  surge  tanks  should 
be  located  in  the  cellar  or  sub-basement  near  the  outer  walls  of  the 
buildings. 

Suction  Tanks.  —  Suction  tanks  are  provided  for  various  reasons, 
to  store  a  supply  of  filtered  water  available  for  the  pumping  plant, 
to  prevent  the  pumps  from  drawing  directly  from  the  filters,  which 
practice  is  not  advisable,  and  also  to  prevent  the  pumps  when  work- 
ing from  interfering  with  the  direct  supply  to  the  fixtures  in  the 
lowest  stories  of  a  building.  Surge  tanks  may  be  either  open  or 
closed  tanks,  and  both  kinds  have  advantages  and  disadvantages. 
The  supply,  if  filtered,  remains  uncontaminated  when  stored  in 
closed  tanks,  and  such  tanks  are  also  generally  preferred  as  suction 
reservoirs  for  the  pumping  machinery.  Open  tanks,  of  course, 
require  the  supply  to  be  controlled  by  several  ball  cocks  or  else  by 
large  float  valves. 

Delivery  of  Water  through  Taps  and  Services.  —  The  delivery  of 
water  from  taps  of  various  sizes,  under  various  pressures  and  for 
different  lengths  of  service  pipes,  is  calculated  from  hydraulic  for- 
mulae or  else  determined  by  means  of  tables  or  diagrams.  (See 
Diagrams,  Plate  5  in  Chap.  I  and  17  in  Chap.  VIII.) 

Diagram  Plate  6  is  reproduced,  by  permission,  from  Hubbard 
and  Kiersted's  recent  book  on  "Water  Works  Management  and 
Maintenance  "  (John  Wiley  &  Sons,  1907),  and  gives  the  discharge 
of  service  pipes  for  long  lines  of  pipe  having  a  very  smooth  interior 
surface  similar  to  that  of  lead  pipe.  This  diagram  has  been 
plotted  from  the  results  given  in  Edmund  Weston's  tables.     The 
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Diagrams.  —  The  results  of  the  calculations  were  plotted  in 
diagrams  7  and  8  for  two  lengths  of  service  pipes,  \iz.y  74  fee:  ^ 
58  feet.  The  third  diagram,  Plate  9,  is  based  upon  the  fact  thar : 
discharge  for  different  lengths  of  pipe  varies  inversely  as  the  s-iii: 
root  of  the  lengths,  and  is  useful  in  finding  discharges  of  serr! 
pij)es  of  other  than  the  above  lengths. 

The  curves  of  discharge  given  in  these  diagrams  exhibit  cltrL: 
the  advantage  secured  by  increasing  the  diameter  of  the  senii 
pil)e  over  and  above  the  size  of  the  tap. 

There  is  but  one  slight  disadvantage  in  using  large-sized  servi: 
pipes  where  a  building  is  supplied  directly  from  street  pre: 
sure,  and  that  is  that  more  water  remains  dead  in  the  pipe 
while  no  water  is  drawn,  so  that  it  is  necessary  to  withdraw  an-; 
waste  a  larger  amount  to  get  a  supply  of  fresh  water  from  the  strec 
main,  where  the  water  is  constantly  circulating. 

Inasmuch  as  the  curves  for  three-quarters-inch  and  one-inch 
service  pii)es  in  Diagram  Plate  7  come  rather  close  together,  and  in 
order  to  enable  I  lie  reading  of  the  discharges  with  greater  cleames.-, 
I  prepared  Plate  8  for  three-quarters-inch  pipes  and  -|  inch  tap.s 
the  curves  in  both  diagrams  being  computed  and  plotted  in  the 
same  manner  as  in  the  larger  diagram. 

Plate  23  in  the  Appendix  gives  a  useful  graphical  representation 
of  the  ecjuivalents  of  i)ounds  pressure  and  pressure  head  in  feet, 
and  of  discharges  in  cubic  feet  per  minute  and  in  United  States 
gallons  per  hour. 

Tables.  —  Table  No.  IX  was  published  some  years  ago  bv 
William  Rotch,  Chief  P^ngineer  of  the  Fall  River  Waterworks,  and 
gives  the  quantity  of  water,  in  gallons  per  minute,  delivered  by 
service  pipes  of  various  sizes  from  one-half  inch  to  four  inches, 
under  various  pressures.  H  represents  the  head  of  water  and 
L  the  length  of  pipe,  in  feet. 

Table  X  was  calculated  by  me  from  data  given  in  the  "Hand- 
buch  der  Ingenieur-Wisscnschaften,"  based  upon  the  Kutter  for- 
mula wath  a  coefficient  of  roughness  corresponding  to  old  pipes. 
The  amount  of  water  delivered  by  old  pipes  with  rough  interior 
surface  and  full  of  incrustations,  according  to  this  table,  is  very 
much  smaller  than  that  given  by  the  usual  diagrams  or  tables  which 
suppose  the  pipes  to  be  clean  and  new. 
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Table  No.  XI  gives  the  discharge  in  United  States  gallons  per 
minute,  and  in  24  hours,  through  different  sized  orifices  (not  pipes), 
under  different  heads.  The  table  is  taken  from  the  thirty-first 
Annual  Report  of  the  Dayton,  Ohio,  waterworks. 
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Table  No.  XII  gives  the  discharge  in  gallons  per  hour  of  street 
sprinklers  and  fountains.  It  was  computed  by  J.  Nelson  Tubbs, 
Chief  Engineer  of  the  Rochester,  N.  Y.,  Waterworks  from  formula 


Q  =  37-548 


VH  X  £>' 

/ w' 

V  ^  +  35.47  j^j. 


in  which  Q  =  cubic  feet  per  second, 
H  =  head, 

D  =  diameter  of  service, 
d  =  diameter  of  nozzle, 
L  =  length  of  service, 
M  =  coefficient  of  discharge,  taken  at  0.90. 

The  table  is  calculated  for  a  head  of  90  feet. 

TABLE  XII. 


Size 
of  Jet. 

Length  of  Serrice  or  Hose. 

Size 
of  Service. 

zoo  ft.                150  ft.                   aoo  ft. 

IT.  S.  Gallons  per  Minute. 
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i     ' 
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13 I. 61 
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93 
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3925 
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II 
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i( 
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II 

02 
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Table  No.  XIII  gives  the  height  and  discharge  volume  of  jets 
or  fire  streams  in  feet  under  different  heads  and  through  nozzles 
of  various  sizes,  and  is  condensed  by  me  from  the  elaborate  tables 
prepared  by  John  R.  Freeman,  C.  E. 
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Diagram  Plate  10  exhibits  the  relation  between  pressure,  altitude 
and  discharge  of  fire  nozzles  in  graphical  form,  the  curves  of  dis- 
charge being  plotted  by  John  W.  Hill,  C.  E.,  of  Cincinnati. 

Still  another  convenient  exhibit  of  the  flow  of  water  in  small  pipes 
is  given  in  Table  XIV,  taken  from  Collet's  work  on  "Water 
Softening  and  Purification,"  the  British  or  Imperial  gallons  being 
changed  by  me  to  United  States  gallons. 

The  curves  in  Diagram  Plate  11  were  plotted  for  me  to  find  at 
a  glance  the  required  theoretical  horse  power  of  small  pumps,  where 
the  pumping  head  and  the  amount  of  water  to  be  pumped  are  given. 

Quality  of  Water. —  The  quality  of  the  water  delivered  by  the 
street  mains  is  often  far  from  satisfactory  from  a  sanitary  point 
of  view.  To  overcome  this  fault,  it  has  become  a  common  practice 
to  filter  the  entire  supply  as  it  enters  the  building  through  the  service 
pipe,  except  possibly  such  connections  as  outside  sill  cocks,  hose 
bibs  for  window  washing,  etc.  Filtration  is  nearly  always  accom- 
plished by  so-called  mechanical  or  closed  pressure  filters;  the  open 
or  gravity  filters,  which  are  used  in  waterworks  systems,  are  not  so 
well  adapted  for  use  in  buildings. 

Water  Filtration.  — Mechanical  filters  consist  of  either  wrought 
or  cast  iron  cylinders,  set  up  singly  or  in  batteries  of  two.  (See  Fig. 
171,  Chapter  V.)  They  are  filled  with  sand,  charcoal,  or  some 
other  filtering  medium,  and  sometimes  an  alum-feeding  attachment  is 
added,  which  is  used  at  times  when  the  water  is  more  than  usually 
turbid  or  "roily."  The  process  of  filtration  in  such  apparatus  is 
largely  a  straining  process,  which  clarifies  the  water  without,  how- 
ever, rendering  it  germ-free.  It  is  nevertheless  worth  considering, 
because  it  makes  the  water  better  adapted  for  use  in  the  steam 
boilers,  prevents  the  usual  disagreeable  deposit  of  mud  in  the  house- 
tanks  and  in  flushing  cisterns,  and  keeps  the  supply  pipes  clean, 
thus,  in  a  measure,  preventing  the  loss  of  pressure  in  them. 

The  continuous  good  working  of  a  filter  depends  upon  the  fre- 
quency with  which  its  periodic  cleansing  and  washing  is  attended  to. 
This  washing  process  is  somewhat  tedious  and  slow,  and  requires  a 
large  volume  of  water  to  clean  the  filter  beds  thoroughly.  Unless 
the  washing  of  filters  is  faithfully  and  regularly  performed,  the  filter 
batteries  soon  loose  their  efficiency.  A  pressure  gauge  attached  to 
the  water  main  before  it  enters  the  filter,  together  with  a  second 
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gauge  on  the  main  carrying  the  filtered  water,  will  at  once  indicate, 
by  the  loss  of  pressure,  whether  or  not  the  filter  requires  washing. 

For  the  drinking-water  supply,  which  is  comparatively  small  in 
volume,  the  best  practice^ calls  for  special  germ-proof  filters,  such  as 
filters  in  candle  form,  made  of  infusorial  earth,  like  the  Berkefeld 
filter  and  others,  or  else  natural  stone  filters  are  used,  usually  in  con- 
nection with  a  plant  for  cooling  the  water.  These,  too,  have  to  be 
frequently  cleaned  and  sterilized  from  time  to  time,  and  it  is  well  to 
bear  constantly  in  mind  that  a  so-called  "germ-proof"  filter  does 
not  really  exist. 

It  would  seem  at  first  glance  desirable  that  a  municipality  should 
provide  filtration  works  rather  than  that  it  be  left  to  the  individual 
water  consumers  to  filter  their  supply.  Unusual  precautions  must 
be  observed,  however,  where  the  entire  supply  for  a  city  is  filtered, 
to  keep  the  water  pure  after  filtration.  To  protect  the  filtered  water 
against  contamination,  it  must  be  stored  in  covered  storage  reser- 
voirs, which  involve  quite  an  expense  in  construction.  In  open 
storage  reservoirs,  the  filtered  supply  would  nearly  always  become 
exposed  to  further  contamination,  and  where  the  water  mains  in  the 
streets  are  old  and  full  of  deposits  of  mud,  clay  and  iron  rust,  the 
filtered  supply  soon  becomes  turbid  and  dirty,  and  as  delivered  into 
buildings  it  would,  in  most  cases,  necessarily  have  to  be  refiliered 
before  being  suitable  for  use.  Hence  in  some  instances  it  is  advisa- 
ble to  provide  two  supplies,  one  for  potable  water,  the  other  for  such 
uses  of  water  where  filtration  seems  to  be  unnecessary.  Instances 
may  in  this  way  occur  when  it  would  be  more  economical  not  to  filter 
the  entire  supply  for  a  city,  but  to  leave  the  purification  of  a  part 
of  it  to  the  individual  owners  of  buildings.  There  seems  to  be  no 
reason  why  this  should  not  even  be  regulated  by  law.  If  health 
regulations  can  compel  a  landlord  to  abolish  cesspools  and  wells,  to 
provide  soil  and  vent  pipes  and  traps,  to  install  water-closets  with 
cistern  flush,  what  is  to  prevent  their  going  a  step  further  and 
requiring  the  drinking-water  supply  to  be  filtered  ? 
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Consideration  of  Details. 

Water  Pressure.  —  It  has  already  been  pointed  out  that  the  pres- 
sure with  which  in  some  of  the  principal  cities  water  is  delivered  to 
the  buildings  is  insufficient  to  reach  the  upper  floors  of  large,  and 
particularly  of  tall,  buildings.  If  corporations,  building  and  con- 
struction companies,  and  real  estate  speculators  will  persist  in  erect- 
ing enormously  high  buildings  or  so-called  "sky-scrapers,"  it  is 
unreasonable  to  require  that  the  municipality  should  provide  a  high- 
pressure  water  service  adequate  for  their  special,  and  certainly 
unusual,  requirements.  The  correct  view,  it  seems  to  the  author, 
is  to  maintain  that  owners  of  such  lofty  structures  should  them- 
selves provide  the  necessary  arrangements  to  supply  water  on  the 
higher  floors  for  domestic  use  as  well  as  for  fire  protection.  In  other 
words,  each  tall  building,  exceeding  eight  or  ten  stories  in  height, 
should  install  its  own  water-supply  plant,  with  ample  means  for 
raising  and  storing  a  suitable  quantity  of  water  sufficient  for  all 
needs. 

In  New  York,  for  instance,  the  water  pressure,  even  in  the  resi- 
dential districts,  is  often  insufficient  to  supply  the  stories  above  the 
second,  and  the  owners  of  private  houses  have  long  ago  submitted 
to  the  necessity  of  providing  pumps  and  house  tanks.  (See  Chap- 
ter V,  Domestic  Water  Supply.) 

Pumping  Apparatus.  —  Numerous  kinds  of  pumping  apparatus 
are  in  use  for  this  purpose,  such  as  hot-air  and  gas  pumping  engines, 
and  in  recent  years  much  use  has  been  made  of  automatic  electric 
pumps  wherever  electric  power  is  available  from  the  street  service. 
For  large  buildings,  to  which  this  chapter  chiefly  refers,  the  choice 
is  usually  restricted  to  either  steam  or  electricity  as  motive  power 
for  the  water-lifting  apparatus. 

Roof  Storage  Tanks  for  Water.  —  As  long  as  commercial  buildings 
did  not  exceed  eight  or  ten  stories,  it  was  the  common  practice  to 
locate  one  or  more  tanks  on  the  roof  of  buildings  (Fig.  173),  and  to 
keep  these  filled  by  means  of  steam  pumps;  the  supply  was  distrib- 
uted downwards  by  means  of  a  falling  main,  with  branches  for  the 
fixtures  on  each  floor.  There  are  some  drawbacks  and  disadvan- 
tages to  the  roof-tank  system,  such  as  the  liability  and  indeed  the 
probability  of  the  water  becoming  polluted  by  exposure  to   dust, 
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smoke  and  gases  from  the  soil  and  vent  pipes  extending  to  the  roofs 
of  all  buildings,  and  the  possibility  of  tanks  and  tank  pipes  freezing 
in  extremely  cold  weather;  furthermore,  provision  has  to  be  made, 
not  only  for  heavy  I-beams  as  tank 
supports,    but  the  entire   iron  or 
steel  superstructure  must  be   cal- 
culated of  sufficient    strength   for 
carrying   the   weight  of   the   roof 
tanks  and  their  contents.     Then, 
again,   the   exposed   wooden   roof 
tanks  are  not  very  sightly,  and  in 
some  cases  interfere  with,  or  mar, 
the  architectural  appearance  of  a 
building. 

Roof  and  Intermediate  Tank 
Pressure  Systems.  —  With  the 
advent  of  the  sky-scrapers  it  was 
found  that  the  pressure  of  water 
at  the  fixtures  and  in  the  piping 
of  the  lower  floors  became  too 
heavy  when  the  supply  was  drawn 
from  a  roof  tank.  Hence  various 
modifications  of  supply  systems 
originated  in  the  further  develop-  ^1-— 
ment   of   these    structures,   which      r^H' 

require  brief  mention.  Fig.  173.     Water  Supply  System  from 

The  first  step  consisted  in  pro-  a  Roof  Tank, 

viding  intermediate  tanks.     These 

were  supplied  either  from  the  roof  tanks  or  by  a  branch  on  the  pump 
riser,  operated  at  the  tank  on  the  intermediate  floor  (Fig.  174)  or 
more  often  by  means  of  separate  pump  risers  controlled  by  valves  in 
the  engine  room  (Fig.  175).  The  latter  two  methods  seem  to  be 
preferable,  as  they  do  away  with  the  necessity  of  lifting  the  entire 
water  required  for  the  building  to  the  height  of  the  roof,  which  in- 
volves a  considerable  unnecessary  expenditure  in  fuel  for  pumping. 
In  a  twenty-story  building  for  instance,  instead  of  pumping  the 
entire  supply  for  the  twenty  floors  up  to  the  roof,  only  the  supply 
for  the  upper  ten  stories  is  so  pumped,  whereas  about  half  the 
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supply  is  pumped  to  only  half  the  height  into  the  intermediate  tank 
provided  therefor. 

Direct  Pumping  Systems.  —  Such  intermediate  tank,  or  tanks, 
occupy  valuable  floor  space,  particularly  in  office  buildings,  where 
every  square  foot  of  space  is  reckoned  as  of  so  much  rental  value,  and 
this  objection  led  to  other  methods  being  tried.  A  direct  pumping 
system  was  installed  in  many  instances,  consisting  of  connecting  the 
supply  risers  directly  to  the  house  pumps,  which  were  provided  with 
automatic  relief  or  blow-off  valves  (Fig.  176).  The  speed  of  the 
ptmps  was  gauged  and  regulated  either  by  the  engineer  or  else  auto- 
matically, so  as  to  provide  for  the  fluctuations  in  the  consumption  of 
water,  and  the  pumping  machinery  was  installed  in  duplicate,  so  that 
in  case  of  a  temporary  break  down  of  one  pump  the  floors  of  the 
building  would  not  be  left  without  water.  A  system  such  as  out- 
lined is  inferior  because  it  provides  no  fire  protection  from  Saturday 
to  Monday,  when  the  fires  in  the  steam  boilers  are  banked.  While 
it  may  possibly  answer  for  office  buildings  or  lofts,  it  would  not  be  a 
suitable  one  for  hospitals  or  hotels,  for  it  provides  absolutely  no 
reserve  storage. 

Another  system  was  also  tried  which  involved  the  use  of  roof  tanks, 
the  branches  to  the  fixtures  being  controlled  by  pressure-regulating 
valves  on  the  lower  floors  (Fig.  177),  to  obviate  the  trouble  incident 
to  a  too  heavy  pressure  at  the  fixtures. 

Pressure-Tank  Systems.  —  The  modern  tendency  is  generally 
toward  the  omission  of  the  roof  tanks  and  the  substitution  of  pressure 
tanks  or  drums  located  in  the  sub-basement  (Fig.  178).  These  are 
filled  partly  with  water,  and  in  their  upper  parts  air  is  provided  under 
a  pressure  sufficient  to  supply  the  highest  floors.  In  the  better  sys- 
tems of  this  class  the  air  is  compressed  by  means  of  special  air  com- 
pressors, and  a  supply  of  compressed  air  is  often  kept  in  storage  in 
compressed  air  drums.  The  pressure  on  the  lower  floors  is  in  such  a 
case  again  controlled  by  pressure  regulators.  A  still  more  complete 
system  provides  several  distinct  pressure  zones  (Fig.  179),  by  means 
of  separate  pumps  and  pressure  drums  for  the  upper,  intermediate 
and  lowest  stories,  but  even  in  this  better  system,  in  which  no  pres- 
sure-regulating valves  need  be  used  on  the  branches,  the  drawback 
remains  that  when  the  pumps  stop  running,  very  little  or  no  water 
is  available  for  use.     In  such  systems  the  mains  for  the  upper  lines 
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Fig.  176.     Water  Supply  System  by 
Direct  Pumping. 


Fig.  177.  Water  Supply  System  from 
Roof  Tank,  using  Pressure  Regulators 
on  Lower  Floors. 
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are  distributed  in  the  penthouse,  while  those  for  the  lower  floors  axe 
run  at  the  cellar  ceiling. 

Pressure  Water  Tanks  in  Combination  with  Air  Tanks.  —  Another 
system,  which  is  patented  and  known  as  the  "Acme"  system  — the 
many  sanitary,  constructive  and  mechanical  advantages  of  which 
were  pointed  out  in  Chapter  I  —  provides  (Fig.  i8o)  in  the  sub-base- 
ment not  only  large  water-storage  tanks  but  also  separate  large  air 
tanks,  in  which  air  is  stored  under  a  high  pressure,  and  admitted  to 
the  water  tanks  under  a  reduced  pressure.  In  this  system,  which  has 
numerous  excellent  features,  it  is  possible  to  obtain  water  on  the 
higher  floors  even  when  the  pumps  are  not  running  and  the  fires  in 
the  boilers  are  banked;  a  special  fire  pump  may  be  dispensed  with, 
and  the  only  objection  is  that  it  requires  in  the  cellar  a  rather  large 
space  for  the  water  and  air  tanks,  which,  however,  can  often  be 
minimized  by  setting  the  air  and  water  tanks  over  one  another. 

A  pressure-tank  system  may  also  be  installed  in  connection  with 
an  auxiliary  smaller  roof  tank,  as  shown  in  Fig.  i8i,  which  provides 
some  storage  of  water  during  a  short  breakdown  of  a  pump. 

Figs.  182  to  185  represent  various  studies  for  the  arrangement  of  a 
water-supply  system  for  a  sixteen-story  building,  220  feet  in  height 
from  the  level  of  the  pump  in  the  cellar  to  the  top  of  the  roof  tank. 
The  chief  aim  of  the  investigation  was  to  do  away,  if  possible,  with 
individual  pressure  regulators  at  the  supplies  to  the  fixtures  in  the 
lower  stories. 

In  Fig.  182  the  cellar,  basement  and  first  story  are  shown  supplied 
from  direct  street  pressure.  All  water  for  the  floors  from  the  second 
up  is  pumped  to  a  roof  tank.  A  falling  main  supplies  directly  the 
eight  upper  floors  (ninth  to  sixteenth),  the  pressure  at  the  ninth  floor 
being  thirty-eight  pounds.  A  second  falling  main  goes  from  the  tank 
straight  down  to  the  cellar,  where  a  pressure-reducing  valve  on  the 
main  down  supply  reduces  the  pressure  from  ninety  to  fifty-five 
pounds.  The  supply  is  then  continued  up  to  and  including  the 
eighth  floor,  the  pressure  becoming  gradually  less,  from  fifty-five  to 
ten  pounds.  Arranged  in  this  way,  none  of  the  fixtures  are  supplied 
under  a  pressure  higher  than  forty  pounds. 

Fig.  183  shows  a  modification  of  the  system  just  described,  the 
pressure  reduction  being  made  on  the  second  floor  instead  of  in  the 
cellar,  and  a  single  down-main  being  used  from  the  roof  tank. 
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Fig.  184  shows  another  modification,  the  pressure  reduction  being 
made  on  the  eighth  and  on  the  fifth  floors,  while  Fig.  185  shows  the 
use  of  a  single  pressure-reducing  valve  on  the  fifth  floor. 

By  thus  reducing  the  number  of  pressure-regulating  valves  to  a 
minimum,  the  chances  of  trouble  "due  to  these  fittings  getting  out  of 
order  are  reduced  correspondingly. 

Electric  Pumping  Machinery.  — For  the  water-pumping  plant  of 
large  modern  buildings  either  steam  or  electricity  is  used  as  motive 
power.  Such  buildings  always  require  a  power  plant,  and  therefore 
steam  is  available  under  high  pressure.  If  the  building  occupies  a 
large  area  and  the  power  plant  is  distant  from  the  place  where  the 
water-pumping  plant  is  located,  electric  pumps  may  be  chosen, 
because  the  electric  transmission  of  power  may  prove  to  be  better 
and  cheaper  than  the  running  of  long  steam  mains,  in  which  con- 
densation necessarily  takes  place.  In  that  case  the  pumps  for  lifting 
water  may  be  triplex  plimger  pumps,  either  direct-connected  or 
driven  by  means  of  belting  or  noiseless  chains;  or  the  pumps  may 
be  rotary  screw  pumps;  or,  finally,  they  may  be  centrifugal  pumps, 
which  quite  recently  have  been  much  modified,  improved  and* 
changed  to  multi-stage  turbine  pumps  so  as  to  be  adapted  for  higher 
lifts. 

Fig.  186  illustrates  the  well-known  Quimby  electric  screw  pump, 
which  is  used  in  situations  where  the  supply  can  flow  to  the  pump  by 
gravity.  Fig.  187  shows  one  of  the  recent  Worthington  multi-stage 
turbine  pumps  for  water  service,  whereas  Fig.  188  and  Fig.  189  show 
the  Gould  and  the  Knowles  electric  triplex  plunger  house  pumps. 

Steam  Pumping  Machinery.  —  In  the  majority  of  large  buildings, 
however,  the  pumping  machinery  is  run  by  steam.  Such  machinery 
should  always  be  installed  in  duplicate  to  guard  against  the  interrup- 
tion of  the  water  service  by  a  breakdown.  A  temporary  shutting 
down  of  the  .water  plant  is  quite  a  serious  matter  in  an  office  building 
or  hotel.  Those  who  live  in  cities  have  become  so  accustomed  to 
the  benefits  of  a  constant  water  supply  that  they  often  fail  to  realize 
how  much  depends  upon  it,  and  what  inconveniences  would  result 
from  a  sudden  interruption  in  the  flow.  It  is  not  an  exaggeration  to 
say  that  in  dwellings,  oflice  buildings,  factories  and  hotels  a  general 
upsetting  of  the  activities  of  life  would  result  were  the  supply  of  water 
to  cease  for  any  extended  period  of  time. 
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Fig.  186.     View  of  Quimby  Electric  Screw  Pump. 


Fig.  187.     View  of  Worthington  Multi-Stage  Turbine  Pump. 
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The  usual  practice  is  to  install  reciprocating  steam  pumps  of  the 
direct-acting  type.  The  pumping  engines  of  buildings  are  usually 
of  the  horizontal  type,  and  vertical  types  are  used  only  where  water 


Fig.  1 88.     View  of  Gould  Electric  Triplex  Pump. 


is  pumped  from  an  artesian  well,  or  else  where  floor  space  is  very 
restricted. 

Single  and  Duplex  Pumps.  —  Until  a  few  years  ago  the  pumps 
used  were  either  of  the  single  or  of  the  duplex  non-compoundy  non- 
condensing  kind.  Although  such  pumps  have  not  a  high  duty,  they 
are  installed  because  of  their  cheapness,  absence  of  complication, 
ease  of  maintenance,  and  also  because  they  occupy  but  little  space  in 
the  engine  room.  Such  pumps  are  run  under  a  boiler  pressure  of 
about  fifty  pounds. 
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Fire  Pumps.  —  For  fire  service,  the  more  heavily  built  fire  pumps, 
and  in  particular  the  so-called  "  Underwriter  "  pattern  duplex  fire 
pimipsare  installed,  which  are  built  in  strict  accordance  with  detailed 
specifications  prepared  by  well-known  hydraulic  experts,  with  a  cross- 


^I^^^E^--                                                 ^^^^^^H^ 

Fig.  189.    View  of  Knowles  Electric  Triplex  Pump. 


connection  to  the  house  service  pumps,  so  that  they  may  be  used 
alternately  for  the  ordinary  water  service  of  the  building  (Fig.  190). 
Compound  Pumps. — ^In  recent  years,  owing  to  the  fact  that  in  many 
buildings  it  is  found  to  be  more  economical  to  have  a  private  lighting 
plant,  the  steam  pressure  carried  in  the  boilers  has  been  increased  to 
ninety  pounds  and  even  more.  Naturally,  engineers  became  anxious 
to  use  for  the  water-pumping  plant  some  apparatus  which  would  give 
a  higher  duty  or  economy  in  fuel  consumption.  While  it  seems  im- 
practicable to  install  the  regular  high-duty  expansion  and  condensing 
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pumping  engines  with  crank  and  fly-wheel,  such  as  are  used  in 
modern  waterworks  machinery,  considerable  saving  in  steam  may  be 
effected  by  using  single  tandem  or  duplex  compound  pumps;  even 
triple-expansion  pumps  are  installed,  though  generally  in  connection 


Fig.  190.     View  of  Underwriter  Fire  Pump. 


with  the  pumping  of  water  for  the  hydraulic  elevators.  The  com- 
poimding  of  pumping  engines  effects  a  saving  of  about  30  per  cent  in 
the  consumption  of  fuel,  and  a  further  saving  of  about  20  per  cent 
can  be  effected  by  using  condensing  engines,  with  either  jet  or  sur- 
face condensers. 
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Choice  of  Pumps.  —  As  a  rule,  however,  such  improved  apparatus 
is  not  looked  upon  favorably  by  the  architects  or  by  the  managers 
of  buildings,  because  its  first  cost  is  much  greater,  and  also  because 
the  pumping  engines  are  more  complicated  to  run  and  require  a 
much  larger  space,  which  at  least  in  the  cellars  of  office  buildings  is 
hard  to  find,  the  cellar  being  already  crammed  full  of  machinery  of 
all  kinds.  It  is,  nevertheless,  the  duty  of  the  engineer  to  his  client 
to  suggest  and  recommend,  first  of  all,  such  apparatus  as  is  eco- 
nomical in  running  cost.  The  future  will  doubtless  see  a  consid- 
erable improvement  in  this  part  of  the  mechanical  equipment  of 
buildings. 

Pump  Room.  —  Wherever  possible,  the  pumps  should  not  be 
located  in  the  boiler  room,  as  here  they  would  be  constantly  exposed 
to  the  dust  from  the  coal  and  the  ashes.  The  plan  of  the  building 
should  always  provide  a  separate  pump  room,  located  not  too  far 
from  the  boiler  room,  in  order  to  get  short  runs  of  the  steam  piping 
which  supplies  them. 

The  pump  foundations  should  be  substantial  and  rigid,  and  iso- 
lated from  the  foundation  walls,  to  prevent  the  transmission  of 
vibration. 

In  modern  large  buildings  much  more  attention  is  paid  than  for- 
merly to  the  proper  equipment  and  finish  of  the  pump  rooms,  and 
the  mistake,  so  common  formerly,  of  putting  expensive  machinery 
and  apparatus  in  dark  and  cramped  and  sometimes  damp  cellars, 
is  avoided. 

The  pump  room  should  have  abundant  light  and  good  ventilation. 
There  should  be  a  generous  space  all  around  the  pumping  machinery, 
as  this  tends  to  facilitate  good  maintenance  and  renders  all  working 
parts  easily  accessible.  Perfect  cleanliness  should  be  maintained  in 
the  pump  room,  and  this  is  more  easily  accomplished  and  the  room 
made  to  look  attractive  by  using  for  the  floors,  walls  and  ceilings 
materials  which  can  be  easily  kept  clean,  such  as  vitreous  unglazed 
tiles  for  the  flooring,  and  glazed  tiles,  enameled  brick  or  marble 
wainscot  for  the  walls. 

There  should  be  provided  in  each  pump  room  a  gauge  board  with 
gauges  for  steam,  water  and  air  pressure;  vacuum  and  altitude 
gauges;  counters  registering  the  number  of  strokes  of  the  pumps, 
and  an  electric  clock. 
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Provision  of  Hot- Water  Supply.  —  In  all  modern  large  buildings 
provision  must  be  made  for  a  supply  of  hot  water.  According  to  the 
character  of  the  building,  the  supply  of  hot  water  will  amoimt  to 
from  one-quarter  to  even  one-half  of  the  entire  supply;  a  fair  average 
would  be  about  one-third.  The  hot  water  is  obtained  from  large 
closed  tanks  heated  by  means  of  brass  steam  coils,  and  the  steam 
used  for  the  purpose  may  be  either  high-  or  low-pressure  steam,  or 
else  exhaust  steam.  The  latter  is  not  usually  available  in  winter 
time,  when  it  is  used  for  heating  the  building;  but  in  summer  time, 
rather  than  let  the  exhaust  steam  escape  into  the  atmosphere,  it 
is  used,  sometimes  mixed  with  live  steam,  for  heating  the  water. 
The  temperature  of  the  water  is  measured  either  by  sight  or  by 
recording  thermometers,  and  it  is,  or  should  be,  controlled  by 
means  of  automatic  thermostats,  of  which  there  are  a  number  on 
the  market. 

Large  Tanks  with  Coils.  —  Large  hot -water  boilers  or  tanks  are 
practically  enlargements  of  the  kitchen  boiler  and  water-back  sys- 
tem, and  vary  in  size  from  loo  to  600  United  States  gallons  capacity, 
or  even  more.  Sometimes  two  tanks  are  used  and  installed  in-  such  a 
way  that  they  can  be  heated  together  or  separately. 

As  a  rule,  the  tanks  are  so  constructed  and  fitted  up  that  they  may 
be  heated  either  from  the  steam-heating  apparatus  or  from  a  special 
water  heater.  The  warming  with  steam  is  accomplished  by  suitable 
large  brass  or  copper  pipe  coils  placed  inside  of  the  tanks;  the  tanks 
are  so  warmed  during  the  winter  when  steam  is  available,  while  the 
special  hot-water  heater  answers  for  summer  use.  The  boilers  are 
set  either  horizontally  or  vertically  as  the  special  conditions,  avail- 
able floor  space  and  ceiling  height  may  determine.  Horizontal 
hot-water  tanks  are  supported  on  brick  piers,  or  in  galvanized 
wrought-iron  pipe  saddles,  or  hung  from  iron  beams  by  special 
heavy  pipe  clamps. 

The  size  of  the  steam  coils  is  proportioned  to  the  quantity  of  water 
to  be  heated  per  hour,  and  depends  also  upon  the  available  steam 
pressure.  For  low-pressure  steam  (5-10  pounds)  a  common  esti- 
mate is  one  lineal  foot  of  pipe  coil  i  inch  inside  diameter  to  each 
5  gallons  tank  capacity.  For  higher  steam  pressures,  the  same 
amount  of  coil  heats  6  to  7  gallons.  This  is  equivalent  to  i  square 
foot  of  heatiag  surface  for  15  to  20  gallons  of  water. 
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Hot-water  storage  tanks  should  be  "proportioned  in  size  to  the 
number  and  kind  of  fixtures  to  be  supplied. 

The  following  figures  may  serve  as  a  guide  in  determining  approxi- 
mately the  capacities  of  hot-water  tanks  for  apartment  houses. 


From  the  Metal  Worker. 

Capacity  of  tank  in 
<  gallons. 

Number  of  families 
supplied. 

Quantity  per  family, 
in  gallons. 

Lineal  feet  of 
1"  pipe  required 
in  heating  coil. 

150 

2GO 
2/0 

360 

700 

3  to  5 
5  to  7 

7  to  IG 
IG  to  14 
14  to  2G 
2G  to  25 

25  to  3G 

30  to  50 
28  to  4G 
27  to  38 
26  to  36 
25  to  34 
24  to  30 
23  to  28 

1? 

90 
120 
166 

2GO 

It  is  a  safe  rule  to  provide  not  less  than  30  gallons  storage  capacity 
in  the  hot-water  tank  for  each  family  of  five  persons,  while  for  larger 
families  the  amount  should  be  from  30  to  40  gallons. 

As  the  number  of  families  increases,  the  capacity  of  the  tank  in 
gallons  per  family  may  be  somewhat  decreased.  Where  no  laun- 
dries are  provided,  the  above  capacities  may  be  decreased  fifty  per 
cent. 

Hot-water  heaters  should  have  a  minimum  heating  capacity  per 
hour  equal  to  the  total  hot  water  required  in  that  time. 

The  water-pipe  connections  between  tanks  and  heaters  should  be 
large,  varying  from  ij  inches  for  150-gallon  tanks  to  3  and  4  inches 
for  tanks  of  from  3-500-gallons  capacity. 

In  large  apartment  houses,  the  installation  of  a  basement  hot- 
water  tank  does  away  in  each  of  the  kitchens  with  the  old-fashioned 
objectionable  boilers  heated  from  the  coal  range.  The  kitchen  is 
thus  kept  cooler,  particularly  if  the  coal  range  is  replaced  by  the 
modern  gas  range,  and  valuable  floor  space  is  also  gained. 

Even  in  the  better  class  of  tenements  having  bath  rooms,  hot- 
water  tanks  are  nowadays  provided  in  the  cellar,  and  in  some  cases 
the  special  heater  is  made  of  sufficient  capacity  to  heat  in  addition 
the  bath  rooms  by  hot-water  radiation.  A  landlord  may,  in  this 
way,  save  considerable  expense  in  plumbing  repairs  by  avoiding 
the  freezing  of  the  pipes. 

In  the  ordinary  hot-water  tank  with  interior  steam-pipe  coils  for 
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heating  the  water,  the  steam  supply  must  be  regulated  by  hand  by 
shutting  off  or  opening  the  steam  valve,  and  as  this  may  not  be  done 
always  at  the  right  time,  the  water  may  be  heated  to  the  boiling  point 
and  may  generate  steam,  which  gives  rise  to  serious  trouble  and  often 
causes  leaks  or  breaks  in  the  hot-water  pipes  and  fittings. 

With  such  tanks  it  has  become  the  practice  nowadays  to  use  auto- 
matic temperature  controllers  or  thermostats,  of  which  the  Johnson 
Service  Company's,  the  Lawler,  Powers,  Davis  and  Roesch,  and  the 
Hohmann  and  Maurer  are  well-known  examples. 

Fig.  191  illustrates  the  proper  arrangement  of  a  large  hot-water 
tank  which  has  no  steam  coil  and  is  heated  only  by  a  special  "  Sun- 
ray"  or  other  hot-water  heater.  The  dotted  line  in  the  elevation, 
running  obliquely  from  left-hand  side  and  top  of  the  tank  to  the 
bottom  right-hand  side,  is  a  special  circulation  pipe  advocated  by 
the  author  and  used  by  him  successfully  in  a  number  of  instances. 
In  the  best  work  thermostats  are  used  to  control  the  damper  and 
check  valves  of  the  heater  and  its  smoke  pipe  (not  shown  in  the  illus- 
tration). In  order  to  control  the  operation  of  the  thermostat  it  is 
advisable  to  use  two  thermometers,  one  placed  in  the  axis  line  of  the 
tank  on  the  same  elevation  with  the  thermostat,  the  other  placed  at 
the  top  of  the  tank  near  the  outlet  pipe  for  hot  water,  or  in  the  latter. 

Among  the  water  heaters  using  steam  and  furnishing  hot  water 
at  a  uniform  temperature,  the  Tobey  automatic  heater  has  become 
well  known  and  has  been  used  for  years  wherever  large  quantities 
of  hot  water  are  needed. 

The  chief  feature  of  this  heater  is  an  automatic  controlling  device, 
which  is  simple  in  construction,  positive  in  action  and  capable  of 
being  adjusted  to  any  desired  temperature  of  the  hot  water. 

When  the  water  in  the  heater  reaches  this  desired  temperature,  the 
automatic  device  operates,  shutting  off  the  supply  of  steam.  As  soon 
as  the  temperature  of  the  hot  water  falls  below  the  one  for  which  the 
apparatus  is  set,  the  steam  valve  opens  up  automatically. 

The  Tobey  heater  is  designed  for  high-pressure  steam,  and  a 
special  steam  trap  should  always  be  used  on  the  return  steam  line. 

The  shell  or  body  of  the  heater  is  of  cast  iron,  the  heating  surfaces  of  cor- 
rugated copper  tubing.  The  thermostat  consists  of  a  heavy  copper  tube. 
Plenty  of  heating  surface  is  provided  to  heat  the  water  rapidly  if  a  sudden 
heavy  draft  at  hot-water  faucets  occurs. 
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The  Tobey  heater  resembles  the  Benyman,  Davis  and  other  feed-water 
heaters  in  not  having  any  provision  for  a  large  storage  of  hot  water,  such  as  is 
provided  with  ordinary  hot-water  heaters.  This  storage  is  not  required, 
because  the  heater  has  abundant  heating  capacity. 

It  is  specially  adapted  for  use  in  public  institutions,  hospitals,  office  build- 
ings, hotels  and  bath  houses.  It  is  manufactured  in  five  sizes  having  capa- 
cities of  looo,  2000,  3000,  5000  and  10,000  gallons  of  water  per  hour,  heated 
from  50  to  150°  F. 

The  pipe  sizes  are  as  follows: 


No.  la 

No.  li 

No.  2 

No.  3 

No.  4 

Cold-water  supply. . 

.   2    in. 

2i  in. 

3    in- 

3    in. 

4  in. 

Hot-water  outlet  . . . 

.   li" 

2    " 

2i" 

2i" 

3    " 

Steam  drip 

.   I     " 

I     " 

li" 

li" 

li" 

The  size  of  the  steam-supply  valve  depends  upon  the  pressure  of  steam 
available  for  the  heater,  and  with  low-pressure  steam  the  heater  requires  much 
larger  steam-supply  piping  and  valve  connections.  For  high  pressure,  the 
sizes  of  steam  supplies  run  from  i  to  2  inches;  for  low  pressure  they  run  from 
I J  to  3  inches. 


Fig.  19  j.     View  of  Tobey  Hot- water  Heater. 

The  Tobey  heaters  (Fig.  192)  are  composed  of  an  upper  and  a  lower  cham- 
ber, 8  and  16  inches  in  diameter  respectively,  the  tubular  heating  surface 
being  contained  in  the  lower  chamber,  while  the  upper  chamber  contains  the 
copper  tube  which  operates  the  thermostatic  valve,  which  is  counterbalanced 
by  a  weight. 
The  sizes  of  Tobey  heaters  are  as  follows: 

No.  la,  6  feet  long,  containing  15  f-inch  tubes. 

No.  i},  6  feet  long,  containing  28  }-inch  tubes. 

No.  2,  7  feet  long,  containing  30  i-inch  tubes. 

No.  3,  8  feet  long,  containing  48  i-inch  tubes. 

No.  4,  8  feet  long,  containing  95  i-inch  tubes. 
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The  heater  operates  as  follows:  cold  water  enters  where  shown  and  fills 
the  heater,  becomes  warmed  by  the  heating  tubes,  and  leaves  at  the  end  of  the 
upper  chamber  where  shown.  The  regulating  copper  tube  comes  into  contact 
with  the  hottest  witer,  and  its  expansion  is  transmitted  to  the  short  arm  of  the 
lever,  and  therefore  to  a  much  larger  extent  to  the  long  arm  of  the  lever  con- 
trolling the  steam  valve. 

When  the  copper  tube  contracts,  the  lever  opens  the  steam  valve;  when  it 
expands,  it  closes  the  steam  supply.  A  regulating  screw  at  thef  outer  end  of 
the  extension  rod  affords  means  for  adjusting  the  heater  to  furnish  hot  water 
of  any  temperature  desired. 

This  heater  also  provides  for  a  constant  circulation  of  hot  water  within  the 
heater,  and  thereby  prevents,  when  the  heater  is  not  drawn  upon,  cold  water 
from  settling  at  the  bottom  and  hot  water  at  the  top. 

Where  large  quantities  of  hot  water  are  irequired,  use  Is  sometimes 
made  of  automatic  gas  water  heaters  in  connection  with  one  or  sev- 
eral storage  tanks.  Such  heaters  have  been  described  in  Chapter 
V,  and  for  this  reason  it  is  not  necessary  to  go  into  their  detail 
construction. 

Steam  warming  is,  however,  as  a  rule  preferred  in  large  buildings, 
for  the  reason  that  there  is  usually  waste  or  exhaust  steam  available. 
Some  of  it  is  utilized  either  in  boiler  feed-water  heaters  or  in  econo- 
mizers to  preheat  the  feed  water  before  it  is  returned  into  the  boiler. 
The  use  of  feed-water  heaters  saves  wear  and  tear  of  the  boilers,  and 
economizes  in  fuel.  The  latter  saving  is  sometimes  estimated  at 
I  per  cent  for  each  increase  of  10^  F.  in  the  temperature  of  the  water 
returned  to  the  boilers.  What  is  not  so  used  may  with  advantage 
be  employed  to  warm  the  water  required  for  the  plumbing  fixtures. 

The  apparatus  used  is  very  similar  to  the  regular  closed  feed- 
water  heaters  of  which  the  Berryman  tjrpe  is  the  one  probably  best 
known.  There  are  two  types  of  these;  in  one  the  heater  contains 
water  tubes,  through  which  the  water  circulates,  while  steam  sur- 
rounds the  tubes;  in  the  other  the  coils  are  supplied  with  the  steam, 
and  the  water  fills  the  heater  and  surrounds  the  tubes. 

The  latter  style  of  heater  is  preferred  for  water  heating,  probably 
because  it  provides  in  the  heater  some  storage  of  hot  water.  The 
heaters  consist  usually  of  a  cast-  or  wrought-iron  shell,  with  a  bolted 
or  flanged  cast-iron  head.  Inside  there  is  placed  a  series  of  U-shaped 
tubes,  which  are  always  made  of  drawn  brass  or  of  copper,  because 
these  two  metals  transmit  the  heat  to  the  water  more  rapidly  than  do 
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iron  pipe  coils.  The  tubes  are  fastened  only  at  one  end,  whereas  the 
other  end  is  free  to  provide  for  expansion. 

The  Berryman-typc  heaters  are  made  either  vertical  or  horizontal; 
they  are  always  tested  when  cold  to  a  high  pressure  to  guard  against 
leakage.  In  upright  heaters  the  lower  part  forms  a  settling  chamber, 
and  is  provided  with  a"  mud  blow-off  valve. 

Some  heaters  have  shells  of  steel  with  flange  steel  heads.  The 
tubes  are  fastened  by  expanding  in  grooves  in  the  base  of  the  heater. 
Other  heaters  contain  tubes  made  of  corrugated  pipe. 

Some  sizes  of  Berryman-type  hot-water  service  heaters  (they  are 
so  called  to  distinguish  them  from  regular  feed-water  heaters)  are 
given  herewith: 


Size. 

Storage  capacity. 

Heating  capacity. 

In.        Ft. 

Gallons. 

Gallons. 

24X   61 

ISO 

600 

30X    7 

250 

1000 

3oXioi 

375 

1500 

36X10 

500 

2000 

36X12I 

640 

2500 

42X10 

700 

3000 

48X16I 

1500 

7500 

These  heaters  usually  use  exhaust  steam,  and  large  steam  ports 
or  inlets  are  always  provided.  If  live  steam  of  10  or  more  pounds 
pressure  is  used,  a  smaller  heater  may  be  selected  for  the  same 
requirements. 

Hot- Water  Circulation.  —  In  distributing  hot  water  in  a  building, 
provision  for  circulation  should  be  made,  so  that  water  will  flow  hot 
almost  immediately  when  a  faucet  is  opened,  otherwise,  as  pointed 
out  elsewhere  in  this  chapter,  much  useless  waste  of  water  will  be 
caused  by  letting  the  faucet  run  until  hot  water  appears.  The  cir- 
culation is  accomplished  either  by  providing  each  hot-water  riser  with 
a  circulating  line  returning  the  water  into  the  bottom  of  the  heater, 
or,  in  the  case  of  large  buildings  with  a  number  of  hot-water  risers, 
the  system  is  so  arranged  that  one  vertical  line  will  be  a  flow  line, 
whereas  the  next  will  be  a  return  line,  the  two  being  looped  together 
and  provided  with  the  necessary  check  valves  so  that  the  flow  will 
occur  only  in  one  direction. 
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Regarding  the  temperature  to  which  water  should  be  heated^  much 
depends  upon  the  character  and  object  of  the  building.  In  bath 
houses,  the  best  modern  practice  provides  for  large  volumes  of  water 
heated  to  a  temperature  not  exceeding  130°  rather  than  for  a  limited 
quantity  of  very  hot  water  at  from  170  to  180°.  In  hotels  and  insti- 
tutions where  there  are  kitchens,  pantries,  sculleries  and  laundries, 
these  require  for  the  dish-washing,  and  also  for  the  washing  of 
clothes,  water  heated  to  at  least  170  or  180°  F. 

For  buildings  of  limited  floor  area,  but  of  many  stories,  one  or  two 
large  hot-water  heaters  placed  in  a  central  position  relative  to  the 
distributing  system  are  considered  the  best  practice;  but  for  build- 
ings occupying  a  large  floor  area,  or  for  groups  of  buildings  inter- 
connected, it  is  cheaper  and  better  to  decentralize  {he  hot-water  plant, 
and  to  provide  several  hot-water  heaters  at  diflFerent  points.  The 
steam  required  for  warming  the  water  can  be  conducted  to  the  tanks 
more  economically  than  it  would  be  to  run  an  extensive  distribution 
system  of  hot-water  pipes  at  the  ceilings  of  the  lowest  floors  from  a 
central  hot-water  heater  to  all  the  distant  buildings  of  a  group. 

Water  Supply  for  Fire  Protection.  —  Systems  of  fire  protection  for 
large  modem  buildings  are  now  in  some  cities  required  by  law.  But 
whether  so  called  for  or  not,  it  is  always  wise  to  install  an  efficient 
fire-protection  apparatus,  for  even  in  so-called  fireproof  buildings, 
with  fireproof  door  and  window  trims,  there  is  a  large  mass  of  com- 
bustible furniture  and  of  inflammable  goods,  papers  and  other  office 
materials,  which  may  catch  fire  and  endanger  the  lives  of  the  tenants 
by  flames  and  by  smoke. 

The  fire-extinguishing  apparatus  put  in  should  be  chosen  with  a 
view  of  putting  out  a  fire  in  its  incipiency  and  before  it  can  gain  any 
considerable  headway.  It  should  consist  of  fire  standpipes,  with 
outlets  on  every  floor,  and  provided  with  fire  valves,  hose  and  fire 
nozzles.  There  should  be,  in  addition,  on  each  floor  portable  fire 
extinguishers  and  some  fire  pails.  The  diameter  of  the  standpipe 
should  be  increased  with  the  height  of  the  building,  and  it  should  not 
be  less  than  four  inches. 

For  buildings  of  large  floor  area  several  lines  of  standpipes  shoidd 
be  installed.  These  standpipes  are  connected  with  the  fire  pump  in 
the  cellar,  and  they  also  have  branches  with  gate  and  check  valves 
leading  to  some  conspicuous  point  outside  of  the  building,  where  the 
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so-called  Siamese  fire-department  comiections  are  provided  to  which 
the  firemen,  when  simmioned  to  a  fire,  connect  their  hose.  In  many 
cases  the  fire  standpipe  is  also  connected  with  the  roof  or  pressure 
tank  system,  so  that  in  case  the  fire  pump  should  cease  to  operate,  the 
available  supply  of  water  in  the  tanks  may  be  utilized  to  put  out  a 
small  conflagration. 

Water-Supply  Pipes  and  Fittings.  —  This  chapter  would  not  be 
complete  without  a  brief  reference  to  the  pipe  materials  used  for  the 
distribution  of  water  (see  also  Chapter  V).  In  the  modern  large 
buildings  very  little  lead  pipe  is  used.  The  piping  consists  either  of 
galvanized  standard  wrought-iron  lines  or  else  of  tinned  and  semi- 
annealed  brass  pipe.  The  latter  is  the  more  expensive,  but  also  the 
more  durable,  material.  For  the  piping  of  very  high  buildings,  in 
which  the  water  pressure  in  the  lower  half  of  the  building  becomes 
very  heavy,  the  extra  heavy  wrought-iron  pipe  is  used,  and  this  is  also 
used  for  the  fire-standpipe  equipment.  In  the  fittings  used  for  the 
control  of  the  flow  of  water  a  pronounced  tendency  is  noticeable  in 
recent  years  to  use  gate  valves  in  place  of  lever-handle  stopcocks  or 
globe  valves,  this  change  being  the  result  of  recommendations  of  the 
leading  hydraulic  engineers,  who  concur  in  the  view  that  gate  valves 
are  preferable  because  they  have  a  full  waterway  and  therefore  give  a 
better  flow  of  water. 

Arrangement  of  the  Water-Distribution  System.  —  In  the  arrange- 
ment of  the  water-supply  distribution  of  modem  buildings,  consider- 
able improvement  is  noticeable  in  the  better  protection  of  water- 
supply  pipes  against  freezing.  The  principal  pipe  lines  are  carried 
more  exposed  and  accessible  than  formerly;  hot-water  lines  are  cov- 
ered with  non-conducting  covering  to  prevent  loss  of  heat  by  radia- 
tion, and  cold-water  pipes  are  similarly  covered  to  prevent  sweating 
or  condensation. 

All  fixtures  where  water  is  drawn  are  provided  with  separate  shut- 
oflE  valves  and  with  air  chambers,  and  where  pressure-regulating 
valves  are  used,  they,  too,  perform  a  useful  incidental  function  in 
acting  as  cushions  and  preventing  sudden  shocks  and  excessive  water 
hammer,  endangering  the  stability  of  pipe  lines. 

Much  attention  is  paid  in  the  running  of  the  supply  pipes,  to  pre- 
venting the  heating  up  of  the  cold  water  from  the  hot-water  lines. 
Faucets,  ball  cocks  and  flushing  cisterns  are  made  of  the  best  and 
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most  durable  material,  a  more  extended  use  is  made  of  polished  red' 
metal  in  place  of  the  perishable  nickel  plating,  and  there  is  consid- 
erable improvement  in  the  numerous  other  details  of  the  water 
service.  The  only  point,  possibly,  in  which  no  progress  has  been 
effected,  is  in  the  prevention  of  the  noise  accompanying  the  flow  of 
water  in  pipes,  or  occurring  when  the  fixtures  are  being  flushed.  It 
must  be  conceded  that  the  solution  of  this  problem  in  domestic  water 
supply  is  beset  with  difficulties. 

Plumbing  Work  and  Plumbing  Fixtures  for  Large  Buildings.  —  An 
extended  discussion  of  plumbing  work  is  unnecessary,  as  the  pre- 
ceeding  chapters  cover  this  subject.  A  few  points  regarding  the 
plumbing  fixtures  for  large  public  buildings  supplied  by  the  water 
service  described,  should  be  briefly  mentioned. 

Improvements  of  lasting  quality  have  been  made  in  the  manufac- 
ture of  both  the  high-grade  enameled  ironware  and  of  the  solid  glazed 
porcelain  ware,  for  lavatories,  bath  tubs  and  sinks.  Fixtures  made 
of  either  material  have  reached  such  a  high  degree  of  perfection  that 
it  is  difficult  to  predict  further  improvements. 

Wash  basins  with  plug  and  lift  arrangements  artf  on  the  whole  the 
most  sanitary.  Among  the  best  recent  basin  faucets  is  a  self-closing 
measuring  and  waste-preventing  faucet  with  convenient  push  but- 
ton, which  seems  to  be  perfectly  adapted  to  the  requirements  of 
modern  oflSce  and  other  public  buildings.  In  public  buildings, 
hotels,  oflSce  and  commercial  buildings  and  in  institutions  special 
drinking-fountains  are  provided  and  supplied  with  artificially  cooled 
water  kept  in  continuous  circulation. 

In  the  water  supply  to  water-closets  and  urinals,  a  tendency  has 
recently  sprung  up  to  discard  the  reliable  overhead  flushing  tank, 
and  to  use  instead  a  flushing  valve  or  "flushometer.'*  The  results 
attained  in  the  use  of  such  fittings  are,  in  the  writer's  judgment,  not 
in  accordance  with  the  broad  claims  made  for  them;  the  advantages 
claimed  for  them  appear,  on  the  whole,  to  me  to  be  doubtful.  Closets 
with  flush  valves  are  not,  as  I  find  them  in  actual  practice,  always 
reliable;  they  are  not  noiseless  as  claimed,  except  where  the  flush  is 
unduly  cut  down;  the  valves  easily  get  out  of  order;  in  a  row  of  many 
closets  no  two  will  be  found  to  work  quite  alike*  If  a  general  roof 
flushing  tank  is  used  to  supply  the  flush  valves,  as  required  by  some 
plumbing  regulations,  the  pipe  system  for  the  flushing  becomes  exces- 
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sive  in  cost.  In  the  opinion  of  the.  writer,  the  regular  overhead  flush- 
ing tank  should  be  retained  as  a  standard  fixture  which  is  not  easily 
improved.  Where,  in  exceptional  cases,  it  cannot  be  used  for  lack  of 
proper  head  room,  the  low-down  tank  closets  have  generally  proven 
to  be  superior  to  closets  with  flushing  valves. 

A  novel  feature  of  water-closet  bowls  deserves  special  mention 
because  it  forms  almost  the  only  improvement  brought  forward  in 
recent  years.  This  is  a  bowl  so  arranged  that  its  rear  inside,  if 
bespattered  from  use,  is  sufficiently  flushed  after  each  use,  while  the 
front  portion  is  so  patterned  that  no  spilling  of  urine  between  the  top 
of  the  bowl  and  the  seat  can  take  place.  This  removes  about  the 
only  objectionable  features  of  the  modem  open-plumbing  work  of 
water-closets. 

The  automatic  flushing  of  urinals  is  somewhat  wasteful  of  water, 
and  the  new  chain  and  pull  flush  tanks  have  solved  this  problem, 
the  general  public  becoming  gradually  accustomed  to  making  use  of 
the  pull  flush.  The  best  urinals  for  public  places  are  those  made 
in  niche  form  of  solid  glazed  porcdain. 

Use  of  Non-siphoning  Traps.  —  Mention  should  also  be  made  of 
the  increasing  tendency  to  do  away  in  buildings  with  the  expensive 
and  useless  branch  venting  of  traps,  and  of  the  steadily  increasing 
use  of  good  non-siphoning  traps  for  fixtures. 

Arrangement  of  Toilet  Rooms.  —  Regarding  the  general  arrange- 
ment of  toilet  rooms  in  tall  modem  office  buildings,  it  is  a  vastly 
better  plan  to  have  a  few  water-closets,  urinals  and  lavatories  on  each 
floor  rather  than  to  provide  one  general  large  toilet  room  for  the  use 
of  the  tenants  of  all  floors;  for  the  latter  method  of  planning,  though 
it  seems  to  be  the  favorite  one  with  architects  and  real-estate  men, 
leads  to  a  great  loss  and  waste  of  time  of  the  office  employees,  besides 
tending  to  crowd  unduly  the  elevator  service  of  the  building. 

Proper  attention  is  nowadays  given  to  ample  and  efficient  toilet- 
room  ventilation,  and  this  being  accomplished  and  the  fixtures 
sanitarily  arranged,  well  flushed  and  maintained  in  a  cleanly  condi- 
tion, there  exists  no  longer  any  reason  for  the  use  of  the  objectionable 
disinfecting  toilet  agencies,  which  are  at  best  palliative  remedies,  not 
to  be  compared  in  efficiency  with  a  good  plumbing  and  water 
service. 


CHAPTER  VII. 

THE  MAIirrBlf  ANCE  OF  PIPE  SYSTEMS  FOR  SEWAGE,  GAS 
AND  WATER. 

Much  of  the  trouble  experienced  with  pipe  systems  and  fittings  for 
sewage,  gas  and  water,  after  their  installment  in  or  around  buildings, 
is  due  to  a  lack  of  intelligent  care,  of  proper  handling  and  of  judicious 
maintenance. 

Cleaning  and  Flushing  of  House  Sewers.  —  As  regards  the  sewer 
and  drain  pipes  outside  of  a  building,  it  is  quite  necessary  that  they 
should  be  flushed  at  regular  intervals  and  also  cleaned  from  time  to 
time.  This  is  particularly  desirable  in  the  case  of  house  sewers  laid 
with  insufficient  fall;  it  is  also  required  for  the  small-pipe  street  sewers 
of  the  separate  system,  in  which  the  rainfall  is  excluded.  The  upper 
portions  of  lateral  sewers  and  house  sewers  require  a  periodic  flushing 
to  remove  deposits  of  mud,  slimy  vegetable  growth  or  other  sewage 
accumulations,  particularly  when  the  available  grades  are  less  than 
I  inch  in  lo  feet.  Flushing  is  also  necessary  where  house  sewers  are 
laid  with  a  very  steep  grade,  because  the  velocity  of  the  sewage  is  so 
great  as  sometimes  to  leave  solid  matter  stranded  in  the  pipes. 

The  flushing  may  be  accomplished  in  several  ways,  namely:  (a) 
By  the  use  of  flush  tanks  with  automatic  discharge,  located  at  the 
upper  end  of  lateral  sewers  or  at  the  head  of  the  house  sewer.  Flush 
tanks  are  usually  built  of  a  capacity  of  about  200  gallons,  but  some- 
times they  are  made  to  hold  300  gallons,  and  this  is  desirable  on  flat 
grades.  The  capacity  or  the  volume  of  flushing  water  discharged  at 
one  time  depends  upon  the  size  of  the  sewer  and  upon  its  grade,  but 
also  to  some  extent  upon  its  material  and  construction.  Automatic 
flush  tanks  are  supplied  by  a  small  dribbling  stream  from  a  service 
pipe  and  bib,  the  flow  of  which  is  so  gauged  as  to  fill  the  tank  once 
or  perhaps  twice  in  twenty-four  hours,  when  it  is  emptied  by  means 
of  a  self-acting  siphon  device.  Such  automatic  tanks  are  somewhat 
costly  to  build,  and  involve  quite  an  expense  in  the  item  of  water 
used. 
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(6)  Flushing  is  done  by  means  of  simpler  forms  of  flush  tanks, 
such  as  manholes  which  may  be  filled  by  means  of  a  hose  attached 
to  the  nearest  hydrant.  The  discharge  may  be  accomplished  by 
simple  devices,  such  as  a  stopper  or  plug,  a  hinged  disc  valve  or  a 
sluice  gate,  operated  by  hand.  It  requires  a  responsible  and  con- 
scientious workman  to  run  them  regularly. 

(c)  By  directly  running  a  fire  hose  from  a  hydrant  into  the  pipe 
sewer,  either  at  a  lamp  hole,  or  at  a  conveniently  located  manhole. 
It  should  be  noted  that  this  method,  repeated  at  regular  intervals, 
really  accomplishes  two  purposes,  namely,  it  flushes  out  and  scours 
the  pipe  sewer  and  it  also  assists  in  cleaning  off  the  water  main  by 
"blowing  it  off." 

(d)  When  none  of  these  methods  can  be  applied  or  be  made 
available,  mechanical  cleaning  becomes  necessary  to  keep  the  sewers 
free  from  deposit  and  to  prevent  stoppages,  and  here  again  various 
means  are  at  our  disposal. 

The  house  sewer  or  the  lateral  sewer  may  be  cleaned  by  intro- 
ducing a  round  ball  or  "pill"  of  a  slightly  smaller  diameter  than  the 
pipe.  The  ball  may  be  inserted  at  a  manhole,  and  it  cleanses  the 
sewer  by  damming  up  the  water  behind  it.  Another  way  is  to  use 
flexible  mechanical  cleansers  or  scrapers  having  a  rope  attached  on 
either  side  of  sufficient  length  to  reach  from  one  manhole  to  the  next. 
By  means  of  the  rope  this  device  is  pulled  through,  or  up  and  down, 
the  sewer,  while  water  is  introduced  at  the  same  time,  which  is  held 
back  until  the  sewer  pipe  becomes  filled  and  then  helps  to  wash  out 
the  scrapings,  such  as  grease  and  other  accumulations  which  adhered 
to  the  pipe.  The  operation  is  repeated  from  manhole  to  manhole 
until  the  entire  line  of  pipe  sewer  is  cleaned.  When  pipe  sewers  are 
provided  with  manholes  of  regular  size  and  when  the  pipes  have  a 
straight  alignment  between  these,  the  sewer  pipe  may  be  "rodded" 
out.  A  number  of  manholes  placed  on  the  line  of  a  long  house  sewer 
may  in  this  way  save  much  expensive  digging  or  the  disfiguring  of  a 
lawn  in  cases  of  stoppage. 

Another  device,  known  as  the  Thompson  Sewer-Cleaning  Machine, 
accomplishes  good  results  in  cleaning  pipes  and  small  brick  sewers 
which  have  become  filled  with  sand  or  which  are  obstructed  by  the 
roots  of  willow  trees.  This  latter  device  is  also  used  for  the  cleaning 
of  cast-iron  water  mains. 
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Flushing  and  Disinfection  of  Soil  and  Waste  Pipes.  —  The  soil  and 
waste  pipes  of  a  building  receive,  as  a  rule,  a  sufficient  amount  of 
flushing  from  the  discharges  of  the  various  fixtures  connected  with 
them,  but  notwithstanding  this,  stoppages  may  and  do  occur,  par- 
ticularly at  the  foot  of  vertical  stacks  or  on  the  line  of  the  horizontal 
house  sewer  and  of  its  branches  to  the  soil-pipe  stacks.  Where 
in  the  construction  of  the  work  a  number  of  clean-outs  with  re- 
movable brass  screw  caps  have  been  provided,  these  will  be  found 
very  useful  to  reach  the  stoppage  without  cutting  the  pipe.  The 
smaller  waste-pipe  lines  are  usually  cleaned  by  the  use  of  a  force 
pump.  For  the  branch  waste  pipes  from  the  fixtures,  the  best 
means  for  the  prevention  of  stoppages  consists  in  the  occasional  use 
of  hot  water  in  which  some  washing  soda  or  caustic  potash  has  been 
dissolved. 

The  occasional  disinfection  of  a  soil,  waste  and  vent  pipe  system 
by  means  of  formaldehyde  gas  or  other  disinfectant,  applied  with 
the  aid  of  a  smoke  testing  machine,  will  also  be  found  useful.  This 
method  of  disinfection  accomplishes  another  purpose,  namely,  that 
of  testing  the  pipe  system  for  tightness,  and  hence  it  should  be 
applied  periodically. 

Cleaning  of  Gas  Service  and  Distribution  Pipes.  —  The  service  and 
house  pipes  for  the  supply  and  distribution  of  illuminating  gas  are 
very  apt  to  become  stopped  up  with  condensation,  tar,  naphthalene 
and  rust  deposits.  From  time  to  time  the  gas  service  pipe  should  be 
blown  out  with  a  force  pump,  and  this  the  gas  company  will  do  if 
notified.  In  some  cases  the  service  is  cleaned  by  running  a  stiff 
wire  through  it.  The  occasional  introduction  of  some  alcohol  or 
gasoline  at  the  plug  in  the  service  pipe  will  help  to  cut  out  the 
naphthalene.  The  offensive-smelling  liquid  should  never  be  dumped 
into  a  cellar  drain  or  cellar  sink,  but  it  should  be  carried  outdoors 
and  safely  disposed  of. 

The  house  pipes  for  the  distribution  of  gas,  which  are  of  plain  black 
wrought  iron,  or  rather  of  steel,  will  rust  more  or  less  on  the  inside. 
This  rust  is  very  apt  to  accumulate  at  the  elbows,  at  the  foot  of 
risers  or  of  upward  branches  to  side  lights.  To  avoid  this  rust 
accumulation,  which  may  ultimately  lead  to  stoppages,  it  is  neces- 
sary to  have  the  entire  system  blown  out  occasionally  by  means  of  a 
force  pump,  which  is  applied  at  an  outlet  for  a  fixture  on  the  top  floor, 
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the  fixture  having  previously  been  removed,  and  the  gas  meter  dis- 
connected. In  some  cases  it  is  required  to  repeat  this  operation 
from  outlets  on  each  floor.  Much  care  should  be  exercised  in  doing 
this  blowing  out  in  a  proper  manner. 

Gas  pipes  also  become  more  or  less  obstructed  where  the  gas  piping 
has  been  put  together  by  the  fitter  with  too  much  red  lead,  and  this 
particularly  happens  if  the  red  lead  is  applied  to  the  female  thread 
of  the  fittings.  The  rusting  of  gas  pipes  is  sometimes  due  to  the  bad 
practice  of  filling  the  pipe  system  with  water  for  the  sake  of  testing 
it  for  tightness.  This  should,  therefore,  never  be  permitted.  Stop- 
pages are  sometimes  difficult  to  remove,  and  occasionally  the  gas 
fitter  resorts  to  filling  the  gas  pipe  with  gasoline,  which  is  permitted 
to  stand  for  a  few  hours  in  the  pipes.  Hammering  an  obstructed 
gas  pipe  is  not  always  a  good  remedy,  for  it  is  apt  to  loosen  rust  scale 
and  to  increase  the  trouble.  Frozen  services  may  be  remedied  by 
the  introduction  of  alcohol. 

It  is  a  wise  precaution  to  test  the  gas  pipes  of  a  house  for  tightness 
after  they  have  been  in  use  for  some  years,  as  small  leaks  in  the 
joints  may  develop  from  various  causes. 

It  frequently  happens,  when  fixtures  are  provided  with  new 
burners,  that  they  are  not  screwed  down  tightly.  In  such  a  case  no 
gas  escapes  as  long  as  the  gas  key  is  kept  shut,  but  when  the  fixtures 
are  lighted  a  more  or  less  annoying  escape  of  gas  at  these  leaky  joints 
occurs.  Bracket  joints  and  the  gas  keys  of  fixtures  become  loose 
in  time,  and  these  also  should  be  tightened  up  and  the  keys  should 
be  greased  with  beeswax.  Flat-flame  gas  burners  obstructed  by 
soot  or  dirt  may  be  cleaned  by  boiling  in  water  in  which  potash  has 
been  dissolved.  Burners  of  gas  cooking  stoves  may  be  cleaned  with 
gasoline  and  the  use  of  a  stiff  brush,  but  care  is  required  not  to  have 
any  open  flame  or  fire  near. 

Cleaning  of  Water- Distribution  Pipes.  —  The  pipes  for  the  dis- 
tribution of  water  may  after  some  use  become  stopped  up  with  mud, 
or  with  chips  of  metal  or  rubber,  or  bits  of  red  lead.  In  the  course 
of  manufacture,  galvanized-iron  water  pipes  sometimes  have  their 
bore  materially  obstructed  by  solid  pieces  of  zinc,  and  any  further 
accumulation  of  sediment  may  tend  to  obstruct  the  pipes  very  ma- 
terially. A  two-inch  water  pipe  placed  in  a  vertical  position  in  an 
air  shaft  of  a  public  building  in  Chicago  was  inspected  and  taken 
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apart  after  being  in  use  over  seven  years  because  the  delivery  of 
water  had  decreased  rapidly.  It  was  found  on  cutting  the  pipe  that 
it  was  so  full  of  sediment  that  scarcely  a  water  passage  one-half 
inch  in  diameter  on  the  average  was  left,  and  in  places  the  sediment 
was  so  thick  that  it  was  fovmd  impossible  to  rim  a  copper  wire 
through  it. 

In  the  case  of  lead  pipes  it  sometimes  happens  that  in  wiping  a 
joint  the  pipe  becomes  burned  through  and  becomes  more  or  less 
filled  with  solder.  In  this  way  the  flow  of  water  may  be.  materially 
reduced  at  a  single  point  in  a  pipe  system.  The  remedy  is,  of  course, 
to  cut  out  the  defective  joint  and  to  wipe  it  over  properly. 

The  reduction  in  the  flow  of,  or  the  loss  of  pressure  in,  the  water 
pipes  of  a  house  due  to  the  accumulation  of  mud  is  in  some  cases 
much  greater  than  would  at  first  sight  be  expected.  I  know  of  a 
three-story  residence  where  at  first  the  water  flowed  freely  with  a 
strong  pressure  at  the  third-floor  fixtures.  The  water  mains  in  the 
particular  locality  in  which  this  house  was  located  were  old  and  full 
of  iron  rust  and  clay,  and  this  at  certain  times  entered  through  the 
service  pipes  into  the  house  pipes  and  caused  such  an  obstruction  in 
them  and  such  a  consequent  loss  of  pressure,  that  water  ceased  to 
flow  almost  altogether  at  the  top-floor  fixtures.  After  the  pipes  were 
thoroughly  cleaned  in  the  manner  described  below  the  former  pres- 
sure was  entirely  restored. 

A  good  but  rather  expensive  way  to  accomplish  this  cleaning  is 
to  dig  down  at  the  tap  in  the  street  and  to  disconnect  the  service 
at  this  point,  then  let  the  plumber  go  to  the  faucet  on  the  highest 
floor  of  the  house  and  pump  a  solution  of  hot  water  and  lye  by  means 
of  a  force  pump  through  the  water-pipe  system.  After  using  one  or 
two  pails  of  the  solution  in  this  way,  a  great  deal  of  clean  water 
should  be  forced  through  the  pipes,  until  it  is  discharged  in  a  pure 
condition  at  the  disconnected  service  pipe  in  the  trench.  It  is  truly 
astonishing  what  a  large  amount  of  mud  accumulation  can  be 
removed  in  this  way. 

The  use  of  large  pressure  or  mechanical  filters,  which  must  be 
kept  well  washed,  on  the  service  pipes  of  a  house  obviates  the  difii- 
culty  of  mud  accumulation  to  a  great  extent. 

Services  often  become  partly  or  entirely  obstructed  by  small  fish 
or  eels  lodging  in  the  pipe  or  in  the  corporation  cock.     Such  obstruc- 
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tions  axe  sometimes  successfully  removed  by  applying  a  force  pump 
to  the  house  service;  in  other  cases  a  stiflF  wire  has  been  introduced 
to  clean  the  pipe. 

Cleaning  of  Water  Mains.  —  The  street  water  mains,  particularly 
those  in  older  sections  of  a  city,  and  large  house  services  are  liable 
to  become  filled  with  a  deposit  consisting  largely  of  iron  rust  and 
clay,  or  with  tuberculous  growth.  It  is  a  very  difficult  matter  to 
overcome  this  trouble,  as  the  ordinary  blowing  off  of  the  mains  at 
the  street  hydrants  does  not  always  seem  to  accomplish  the  desired 
result.  In  several  instances  the  water  mains  of  a  city  have  been 
restored  to  cleanness  by  the  use  of  scrapers,  but  the  operation  is 
necessarily  somewhat  expensive  and  slow. 

A  company  which  makes  a  specialty  of  this  kind  of  work  uses  a 
patented  mechanical  process.  Laborers  dig  down  to  the  main  or  ser- 
vice, and  after  cutting  the  pipe  introduce  the  cleaning  tool,  which  con- 
sists essentially  of  several  heads  to  which  cutting  and  scraping  blades 
are  attached.  The  cleaning  tools  are  operated  by  a  wire  cable 
drawn  back  and  forth  by  a  windlass  or  other  machinery.  The  inside 
walls  of  water  pipes  are  thoroughly  cleaned  in  this  way  and  their 
normal  water-carrying  capacity  and  incidentally  the  pressure  are 
almost  restored.  Unless  the  pipe  system  is  very  old  and  inadequate 
in  size,  it  pays  to  have  this  cleaning  process  applied  to  old  mains 
rather  than  to  lay  new  pipes. 

By  the  cleaning  of  the  mains  the  carrying  capacity  may  be  in- 
creased from  45  to  178  per  cent.  An  8-inch  main,  for  example, 
which  before  cleaning  delivered  one-quarter  million  gallons  in  24 
hours,  yielded  over  one  million  gallons  after  the  cleaning.  From  a 
6-inch  main  650  feet  long,  laid  in  Manhattan  thirty-six  years  ago, 
about  6  cubic  feet  of  scales  and  tubercles  were  removed,  and  its 
capacity  was  increased  from  58  to  102  cubic  feet  per  minute,  or  an 
increase  of  nearly  76  per  cent.  In  Brooklyn,  a  fire  hydrant  on  a 
line  of  6-inch  main  showed  39  pounds  pressure  before  and  46  pounds 
pressure  after  cleaning;  its  discharge  was  increased  from  150  to 
332  gallons  per  minute;  the  reach  of  the  fire  stream  was  increased  in 
distance  from  25  to  over  100  feet. 

Disinfection  of  Water  Mains  «nd  Services.  —  In  rare  instances  it 
may  become  desirable  not  only  to  clean  but  also  to  purify  the  water 
mains  of  a  city,  and  the  following  description  of  how  a  disinfection 
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of  the  street  mains  and  services  was  accomplished  in  a  particular 
instance  is  of  interest. 

"  A  few^years  ago  an  epidemic  of  typhoid  fever  broke  out  in  an  English 
town,  and  the  drinking-water  was  recognized  as  the  cause  of  the  epidemic.  It 
was  therefore  decided  by  the  municipal  authorities  to  disinfect  all  the  water 
mains,  and  particularly  the  dead  ends  of  the  lateral  lines.  The  disinfection 
was  deemed  necessary,  first,  to  do  away  with  the  possibility  of  infectious  matter 
remaining  in  the  pipes;  second,  to  reestablish  confidence  in  the  use  of  the 
water  supply. 

"  After  a  careful  study  of  different  disinfecting  liquids  chlorate  of  calcium 
in  a  solution  of  i  to  100  was  selected  as  a  sterilizing  medium  and  the  network 
of  pipe  mains  was  filled  with  it.  This  chemical  solution  is  said  to  be  cheap 
and  efficient  and  to  attack  lead  pipes  very  little,  though  it  has  some  effect  on 
leather  washers.  The  odor  of  the  solution  furnishes  a  proof  that  the  pipe 
from  which  water  is  drawn  has  been  subjected  to  the  action  of  the  chemical. 

"  The  filling  of  the  system  of  mains  comprising  about  14.6  miles,  having 
a  total  capadtyof  91,000  gallons,  was  accomplished  from  the  high-service 
reser\'oir,  which  had  a  capacity  of  216,620  gallons,  and  in  which  22,400  pounds 
of  calcium  chlorate  were  dissolved  and  kept  constantly  stirred.  After  a  few 
hours  of  rest  and  sedimentation  the  contents  of  the  reservoir  were  discharged 
into  the  pipe  system.  Each  of  the  mains  was  kept  filled  with  the  solution  and 
under  pressure  for  about  half  an  hour;  after  that  the  laterals  were  filled  from 
the  mains  and  the  same  procedure  continued. 

"  After  the  application  of  the  disinfecting  solution  both  the  mains  and  the 
lateral  water  pipes  were  thoroughly  flushed  with  water  so  as  to  guard  against 
any  danger  to  health  from  the  use  of  the  water.  The  sediment  which  remained 
in  the  reservoir  was  mixed  with  more  water  and  the  reservoir  was  finally 
pumped  out  by  means  of  fire  engines.  The  householders  were  advised  to 
open  their  taps  and  let  the  water  to  which  the  disinfecting  solution  had  been 
applied  flow  through  their  services  and  house  pipes;  in  the  majority  of  in- 
stances they  complied  with  the  request.  Naturally  they  were  advised  after 
the  reservoir  was  again  filled  with  water  to  keep  their  faucets  open  for  a  long 
time  in  order  to  thoroughly  flush  out  the  house  system.  The  entire  work  of 
disinfection  was  accomplished  in  a  little  over  one  day,  and  this  is  perhaps  the 
first  instance  on  record  of  the  disinfection  of  a  system  of  water  mains  on  a 
large  scale.  Leaving  aside  the  entire  interruption  of  the  water  supply  for  a 
period  of  more  than  24  hours,  the  results  proved  very  satisfactory,  and  the 
method  seems  to  have  much  to  recommend  it  for  practical  application  in  the 
case  of  similar  outbreaks  of  epidemics  due  to  a  contaminated  water  supply." 

Care  of  Plmnbing  Fixtures  and  Fittings.  —  Proper  care  and  man- 
agement are  required  in  the  maintenance  of  plumbing  fittings,  fix- 
tures and  apparatus.     They,  like  all  other  parts  of  a  mechanical 
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equipment  or  machinery,  must  be  periodically  inspected,  cared  for, 
cleaned  and  kept  in  working  order. 

In  order  to  readily  inspect  the  parts  of  plumbing  apparatus,  such 
as  traps,  valves  and  fittings,  it  is  desirable  that  they  be  entirely 
exposed  and  accessible.  The  necessary  cleaning  operations  are  also 
greatly  facilitated  by  the  open  plumbing  work  of  the  present  day. 

The  plumbing  fixtures  must  be  judiciously  used  and  not  abused 
and  they  must  be  maintained  in  a  proper  and  cleanly  condition. 
Both  requirements  are  indispensable  where  it  is  desired  to  have  the 
plumbing  apparatus  present  at  all  times  a  pure  and  sanitary  and  not 
a  neglected  appearance. 

The  traps  and  waste  pipes  of  fixtures  require  some  periodical 
attention  to  keep  them  in  efficient  working  order.  They  should  not 
only  be  always  well  flushed,  but  should  also  be  cleaned  out  from  time 
to  time,  by  opening  up  the  clean-outs  or  the  brass  screw  caps  of  the 
traps,  where  these  are  accessible.  Whenever  indications  of  stoppages 
appear,  the  latter  should  at  once  be  attended  to  and  the  cause  re- 
moved. Coffee  grounds  and  tea  leaves  at  kitchen  sinks,  lint  and  bits 
of  fibrous  material  at  washtubs,  bits  of  rags,  strings,  fragments  of 
matches  and  hair  from  combs  and  brushes  at  wash  basins,  and  soapy 
particles  at  bath  tubs  will  usually  constitute  the  cause  of  a  stoppage. 

In  the  case  of  stopped-up  basin  or  bath  wastes,  a  force  cup  is 
sometimes  useful,  and  in  the  case  of  sinks  it  has  been  suggested  to 
fill  them  partly  with  water,  place  a  board  on  the  surface  and  force 
the  stoppsLge  by  dealing  some  hammer  blows  to  the  board. 

Often  it  is  found  useful  to  pour  a  solution  of  lye  and  hot  water 
into  the  trap  and  let  it  stand  over  night.  This  dissolves  or  cuts  the 
grease  adhering  to  the  inner  surfaces,  and  the  next  day  the  lye  solu- 
tion should  be  flushed  out  with  clean  water.  The  occasional  use  of 
lye  or  caustic  potash,  which  is  stronger  than  ordinary  washing  soda, 
is  recommended  to  keep  small  waste  pipes  free  and  unobstructed. 
The  strainers,  the  waste  valves  and  the  overflows  of  baths  and  basins 
should  be  cleaned  thoroughly  every  week. 

Once  in  a  while  apply  a  disinfecting  solution  to  the  waste  pipes. 

All  fixtures  in  a  house  should  be  used  daily,  if  possible,  and  those 
not  so  used  should  have  the  traps  kept  full  of  water  by  turning  on 
the  faucet. 

Slop-sinks  and  slop-hoppers  should  be  well  flushed  after  each  use 
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of  the  fixtures.  Grease  traps  used  at  kitchen  sinks  should  be  cleaned 
out  once  a  month. 

Water-closetSy  urinals  and  slop-hoppers  should  be  cleaned  fre- 
quently and  scrubbed  with  soap,  hot  water  and  a  scrubbing  brush. 
After  this  scrubbing  the  water  in  the  traps  should  be  changed.  The 
porcelain  bowls  of  these  fixtures  can  be  cleaned  with  dilute  muriatic 
acid  and  a  soft  cloth,  but  it  is  better  to  use  some  preparation,  like 
porcela,*  which  does  not  injure  the  glazed  surface.  A  stoppage  may 
be  removed  by  the  use  of  a  plumber's  fbrce  cup.  The  flushing  cis- 
terns require  cleaning,  as  the  mud  and  dirt  which  accumulate  in 
them,  where  the  general  water  stipply  is  not  filtered,  may'cause  the 
valves  to  leak.  The  woodwork  of  the  seats  should  be  cleaned  with 
hot  water  and  soap,  and  afterwards  rubbed  with  polish.  Seats 
should  be  occasionally  oiled  or  rubbed  with  furniture  polish. 

The  walls  and  floors  of  the  compartment  containing  these  fixtures 
should  also  be  kept  clean;  tiling  and  marble  may  be  kept  bright  by 
use  of  "tilo"  t  or  other  special  preparations.  No  accumulation  of 
paper,  litter  or  rubbish  of  any  kind  on  the  floor  should  be  tolerated. 
Only  the  best  quality  of  tissue  paper  should  be  used  in  connection 
with  water-closets,  and  no  newspaper  or  stiff  paper  of  any  kind  should 
be  thrown  into  the  bowl.  The  slight  additional  expense  involved  in 
the  purchase  of  a  superior  quality  of  toilet  paper  will  soon  be  offset 
by  a  saving  in  bills  for  the  removal  of  obstructions. 

Kitchen  and  pantry  sinks  must  be  kept  absolutely  free  from  odors, 
and  this  necessitates  constant  watchfulness.  Iron  sinks  are  cleaned 
with  sal  soda  or  with  some  kerosene  mixed  in  a  small  quantity  of 
warm  water.  'This  cuts  away  the  grease.  Some  advise  rubbing  the 
sink  with  spirits  of  turpentine.  After  cleaning  the  sink,  rinse  it  with 
hot  water  and  finally  let  cold  water  flow  into  it.     For  porcelain  or 

*  Porcela  is  a  cleaning  powder,  specially  compounded  to  clean  all  kinds  of  enameled 
ware  and  glazed  surfaces.  It  is  said  by  the  makers  to  be  free  from  add,  sandj  grit  or 
potash,  and  not  to  be  injurious  to  delicate  surfaces.  It  resembles  talcum  powder  in 
softness.  It  instantly  removes  stains,  spots  or  discolorations.  It  polishes  enameled 
ware  and  gives  it  a  fine  luster.  It  cleans  without  scratching.  It  removes  tarnish  from 
silver-plated  fittings. 

t  Tilo  is  a  preparation  for  cleaning  and  polishing  tiling,  marble,  slate,  cement, 
linoleum  and  wooden  floors.  It  is  said  by  the  makers  to  contain  no  acid,  potash,  lye  or 
other  harmful  ingredients  which  would  ruin  marble  or  tile.  It  removes  dirt,  grease  and 
stains.  It  is  applied  with  a  wet  cloth,  sponge,  brush  or  mop;  for  large  surfaces  suds  are 
made  with  it. 
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glazed-ware  sinks  of  any  kind  do  not  use  sapolio,  but  get  some  special 
preparations,  like  porcela,  which  is  also  excellent  for  enameled-iron 
sinks.  Kerosene  oil  is  said  to  be  a  good  cleaner  of  glazed  ware. 
Copper  pantry  sinks  should  be  cleaned  with  rottenstone  or  other  pol- 
ishing stone  and  kerosene  oil,  or  with  oxalic  acid.  Wooden  tops  and 
drain  boards  should  be  oiled;  varnish  or  shellac  is  cut  by  the  alka- 
lies of  washing  soap. 

At  kitchen  sinks  use  a  triangular  comer  kitchen  sieve,  to  intercept 
tea  leaves  and  coffee  grounds.  Burn  the  latter  and  throw  the  grease 
scraped  from  pans  into  the  garbage  pail. 

Solid  porcelain  and  enameled-iron  bath-tubs  should  not  be  cleaned 
with  muriatic  acid  in  dilution,  as  this  attacks  and  injures  the  glaze, 
roughens  the  surface  and  causes  fine  crevices,  in  which  after  a  while 
dust  and  dirt  accumulate.  Sapolio  should  never  be  used,  because  it 
makes  fine  scratches  which  in  time  become  black.  Some  of  the 
many  acid  or  gritty  cleaning  preparations,  soap  powders  or  scouring 
soaps  are  injurious  to  glazed,  smooth,  non-porous  surfaces,  but 
porcela  is  made  with  a  view  of  being  used  on  glazed  ware  and  is 
highly  successful.  It  is  often  difficult  to  thoroughly  clean  a  glazed- 
ware  tub,  for  the  water  may  stain  it,  and  the  soapy  slime  adheres 
to  the  sides.  The  use  of  naphtha  washing  soap  and  hot  water  is 
advisable,  and  stains  on  porcelain  may  yield  to  a  treatment  with 
oxalic  acid. 

Solid  porcelain  and  enameled-iron  lavatories  are  cleaned  in  the 
same  manner  as  the  bath  tubs.  The  older  types  of  wash  basins,  con- 
sisting of  porcelain  or  china  bowl  and  marble  slab,  often  have  the 
marble  stained.  It  is,  at  best,  difficult  to  restore  a  soiled  marble  slab 
to  its  original  purity.  Diluted  acid  should  never  be  used,  as  it 
quickly  destroys  the  polish  of  the  marble.  The  acidity  of  lemon 
juice  is  sufficient  to  injure  and  roughen  the  polished  surface  of 
marble,  unless  its  action  is  at  once  neutralized  by  the  use  of  some 
alkali,  like  ammonia,  washing  soda  or  borax. 

Oil  and  grease  spots  sometimes  disappear  after  treatment  with 
fuller's  earth  or  chalk.  The  spots  may  be  removed  by  putting  on 
the  marble  a  paste  of  sal  soda  and  fuller's  earth,  or  of  slaked  lime  and 
pipe  clay,  allowing  it  to  remain  on  it  for  one  or  several  days.  Rust 
spots  in  marble  may  be  taken  out  by  rubbing  the  surface  and  repol- 
ishing  it  with  fine  pumice  stone.     Spots  which  have  not  penetrated 
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deeply  are  removed  by  washing  the  marble  with  sand  soap,  warm 
water  and  a  soft  cloth, 

Washtubs  are  cleaned  with  naphtha  soap;  those  of  soapstone  with 
hot  water  and  washing  soda;  those  of  glazed  ware  with  porcela. 

Copper,  brass  and  nickel  retain  their  brightness  for  a  very  long 
time  in  climates  which  have  a  dry  atmosphere,  as  for  instance  in  the 
Berkshire  Hills  and  the  White  Mountains.  Near  the  seashore,  how- 
ever, and  wherever  much  damp  weather  prevails,  these  metals  tarnish 
or  oxidize  very  quickly. 

Fittings  of  any  of  the  metals  named  can  be  kept  bright  by  careful 
rubbing  with  a  woolen  cloth,  and  polishing  with  dry  flour,  or  with 
whiting,  made  into  paste  form  with  some  soap  foam. 

As  regards  fittings  which  are  nickel  plated,  it  is  advisable  not  to 
rub  them  too  much  or  too  often,  nor  to  use  polishing  powders, 
because  the  thin  coating  of  nickel  is  aflFected  thereby,  and  eventually 
scales  oflf,  leaving  the  brass  metal  underneath  exposed. 

It  is  best  to  clean  silver-plated  work  with  fine  silver  polish,  and  to 
avoid  substances  containing  much  grit.  It  is  claimed  that  porcela 
cleans  silver  well. 

To  clean  nickel,  use  whiting  powder  and  wood  alcohol,  or  silicon 
and  vinegar,  and  rub  well,  using  a  chamois  skin  to  brighten  up  the 
metal.  Some  recommend  the  use  of  a  polishing  preparation  called 
"  solar  ine." 

Copper  is  cleaned  best  with  diluted  oxalic  acid  mixed  with  common 
salt.  After  the  use  of  the  acid,  apply  some  whiting  to  prevent  tar- 
nishing, and  always  wipe  thoroughly  dry. 

Brass  may  be  cleaned  with  oil  and  rottenstone,  which  is  stated  to 
give  the  brass  a  "soft  yellow  tone,"  whereas  by  using  acids  and 
naphtha  the  brass  takes  on  a  whiter  and  less  rich  hue.  Brass  may 
also  be  cleaned  with  solarine  or  with  the  preparation  known  as  Ger- 
man "putzpommade." 

Once  in  a  while  it  is  advisable  to  use  some  disinfecting  solution 
in  the  plumbing,  such  as  for  instance  permanganate  of  potassium, 
or  dilute  carbolic  acid,  or  copperas.  In  all  cases  the  disinfecting 
solution  should  be  followed  with  an  abundance  of  clean  water,  in 
order  to  prevent  injury  to  the  traps  and  waste  pipes. 

Public  toilet  rooms,  comfort  stations  and  railroad  depots  require 
fixtures  and  fittings  which  must  always  be  selected  of  extra  heavy 
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materials  and  of  such  type  as  will  withstand  a  great  deal  of  rough 
usage  and  not  a  little  abuse.  The  public  urinals,  in  particular, 
require  a  great  deal  of  attention  and  constant  cleaning  to  keep  them 
from  becoming  ill-smelling.  In  such  places,  it  is  advisable  —  indeed 
quite  necessary  —  that  the  entire  plumbing  should  be  suitably  dis- 
infected from  time  to  time. 

Care  of  Valves  and  Shut-off  Cocks.  —  The  valves  and  stopcocks  on 
the  water-supply  lines  and  the  faucets  or  bibs  at  fixtures  should  be 
kept  in  good  working  order.  Valves,  in  particular,  require  to  be 
intelligently  handled. 

The  following  hints  regarding  the  care  of  valves  are  condensed 
from  practical  advice  given  by  firms  making  a  specialty  of  the  man- 
ufacture of  a  good  quality  of  valves. 

The  cause  of  valve  troubles  may  be:  (a)  defective  design;  (6) 
defective  material;  (c)  defective  workmanship;  (d)  faulty  instal- 
lation; (e)  abuse  and  lack  of  care. 

The  principal  and  most  annoying  trouble  with  valves  occurs 
when  they  do  not  close  tight,  thus  permitting  water  to  leak  through 
the  seat.  Sometimes  the  leaking  is  due  to  irregularity  or  unevenness 
of  the  seat,  or  the  disc,-or  of  both,  whereby  a  perfect  contact  of  the 
two  is  prevented.  Usually,  however,  the  causes  are  a  poor  installa- 
tion or  a  lack  of  care,  or  an  abuse  of  the  valves. 

In  order  to  forestall  valve  troubles,  pipe  fitters  are  advised  to  clean 
out  their  pipes  thoroughly  before  screwing  them  together.  They 
should  blow  through  each  length  of  pipe,  or  place  it  on  end  and 
strike  it  with  a  hammer  to  loosen  any  scale  or  dirt  on  the  inside. 
When  a  pipe  line  has  been  completed  it  is  well  worth  the  trouble  to 
blow  either  water  or  steam  through  it  and  thus  free  the  pipe  line 
from  loose  scale,  metal  chips,  dirt,  sand  or  red  lead.  These,  if 
allowed  to  remain,  injure  the  seats  or  the  discs  and  thus  cause  leaks. 
After  the  water  has  been  turned  on  for  a  while  in  a  new  building,  it 
is  advisable  to  go  to  work  and  clean  out  all  the  valves  so  as  to  remove 
any  substances  which  might  lodge  in  the  seat  and  cause  failure  of  the 
valve  to  shut  tightly. 

The  regrinding  or  resetting  of  valves  and  the  removal  of  discs 
are  quite  expensive,  hence  the  pipe  fitter  should  use  the  utmost 
care  in  installing  valves  in  a  pipe  line.  He  should  use  red  lead  or 
other  lubricating  material  for  joints  sparingly;  it  should  be  applied 
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to  the  male  part  of  the  pipe  thread  only,  and  not  the  female  part, 
i.e.,  in  the  valve  or  fitting,  for  if  used  in  that  place  it  may  be  pushed 
to  the  seat  and  cause  a  leak. 

A  wrench  should  always  be  applied  to  the  hexagonal  end  of  a 
valve  which  is  nearest  to  the  pipe  end,  and  not  to  the  opposite  side, 
for  this  strains  the  body  of  the  valve,  particularly  if  it  is  of  light' 
weight,  and  as  a  result  the  seat  or  the  bonnet  joint  may  leak.  In  the 
same  way  the  fitter  should  be  careful,  when  occasion  arises  to  take 
off  the  bonnet  of  a  valve,  not  to  spring  the  valve  body,  nor  to  disfigure 
the  bonnet.  Where  on  long  pipe  lines  an  insufficient  number  of  pipe 
hangers  is  used,  the  valves  are  very  apt  to  be  strained.  When  globe 
and  angle  valves  are  used  the  fitter  should  so  place  them  that  the 
pressure  of  water  will  be  underneath  the  disc  when  the  valve  is  closed. 

A  great  deal,  too,  depends  upon  whether  the  valves,  after  being 
installed  in  a  pipe  system,  are  properly  handled.  A  valve,  for  in- 
stance, should  never  be  closed  tight  by  means  of  a  bar  or  tool  inserted 
as  a  lever  between  the  spokes  of  a  hand  wheel;  careless  or  ignorant 
workmen  are  very  apt  to  try  this  experiment  when  a  valve  is  leaking. 
The  result  is  inevitably  the  injuring  of  the  valve  seat  or  disc,  and  in 
some  cases  the  straining  of  the  bonnet  of  the  valve.  Leaky  valves 
should  be  taken  apart  and  their  interior  cleaned.  From  what  has 
been  said  it  becomes  obvious  that  light-weight  valves  are  more  easily 
injured  than  heavy  valves,  which  is  proven  in  practice  by  the  experi- 
ence that  the  use  of  cheap  or  light  valves  generally  leads  to  trouble. 

When  the  stuffing  box  of  a  valve  leaks  the  fitter  should  not  attempt 
to  stop  the  leak  by  straining  the  stuffing  box  with  a  large  wrench;  the 
proper  remedy  is  to  use  new  packing,  or  to  lubricate  it  with  oil  and 
plumbago. 

In  long  pipe  lines  the  fitter  should  always  make  suitable  provision 
for  expansion  and  contraction.  Disregard  of  this  requirement  is 
often  the  cause  of  the  straining  of  valves,  which  are,  as  a  rule,  more 
easily  injured  than  the  fittings  of  the  pipe  line. 

Care  of  Faucets  and  Hydrants.  —  When  faucets  begin  to  drip  or 
to  leak  always  renew  the  washers.  Those  on  the  hot-water  supply 
are  apt  to  wear  out  much  sooner  than  those  for  cold  water. 

Noisy  faucets  are  not  only  a  great  nuisance  but  often  a  source 
of  puzzle  to  the  plumber  called  in  to  repair  them,  i.e.,  to  do  away 
with  the  noise.    It  occurs  very  frequently  that  a  faucet  emits  a 
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jatring  sound  when  opened;  a  rumbling  sound  is  particularly  apt  to 
occur  when  a  faucet  is  only  partly  opened,  and  disappears  when  the 
faucet  is  opened  altogether.  The  noise  is  apt  to  be  transmitted  to 
other  parts  of  the  pipe  system  in  the  house.  Usually  upon  examina- 
tion it  is  found  that  some  loose  part  in  the  inside  of  the  faucet  is  the 
cause  of  the  noise.  The  washer  may  have  become  loose,  or  some- 
times it  is  due  to  a  little  screw  with  which  the  washer  is  held  in  place 
having  become  unfastened.  Sometimes  the  washer,  at  other  times 
the  screw,  is  vibrating  with  the  water  flowing  through  the  faucet. 
In  other  cases  the  stem  or  spindle  has  become  loose,  and  sometimes 
some  roughness  of  the  interior  surface  or  some  irregularity  causes 
the  rattle  and  rumble.  In  all  cases  the  remedies  to  be  adopted  are 
.  so  obvious  as  not  to  call  for  extended  discussion. 

The  fire  hydrants  of  a  water-supply  system  should  never  be  used 
for  the  filling  of  street-sprinkling  carts,  except  when  special  nozzles 
are  provided  on  the  hydrant  for  this  purpose.  It  is  necessary  that 
all  hydrants  should  always  drain  out  properly,  and  hence  their  drips 
should  be  examined,  as  they  may  have  become  closed  by  rust  or  by 
ingrowing  roots  of  trees. 

Regarding  the  manner  in  which  valves  and  hydrants  should  be 
opened  for  use,  it  is  well  to  remember  that  the  opening  and  closing 
must  be  done  very  gradually,  so  as  to  avoid  the  production  of  water 
hammer  in  the  pipe  system. 

AH  hydrants  require  periodical  inspection,  preferably  several  times 
a  year,  but  in  any  case  always  before  cold  weather  sets  in.  They 
should  be.  oiled  and  the  nozzle  threads  lubricated. 

All  fire  hydrants  should  be  tested  at  the  beginning  of  the  winter 
season.  Ordinary  repairs,  such  as  leaky  bottom  valves,  leaky  pack- 
ing glands  and  caps,  should  be  promptly  attended  to.  Recently  a 
novel  method  for  inspecting  and  protecting  fire  hydrants  froni  freez- 
ing (the  Cowles  and  Clark  method)  has  been  introduced  and  has 
won  approval  of  underwriters,  fire  chiefs  and  waterworks  superin- 
tendents. It  consists  practically  of  a  closed  pressure  tank,  in  which 
§pme  harmless  gas  is  stored  under  a  heavy  pressure.  The  tank  is 
placed  on  a  truck  and  transported  to  the  hydrant  which  is  to  be 
tested.  -Connection  is  then  made  by  heavy-pressure  hose  between 
this  apparatus  and  the  hydrant,  and  by  means  of  various  manipula- 
tions of  cocks- and  the  indications  of  pressure  gauges  the  hydrant 
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valve  can  be  tested  for  tightness,  and  a  frozen  hydrant  detected  in  a 
very  short  time. 

Protecting  Water  Fittings  against  Freezing.  —  The  maintenance  of 
a  pipe  system  for  water  includes  also  the  guarding  against  freezing 
up.  Householders  are  much  more  apt  than  builders  to  realize  the 
necessity  of  so  arranging  the  plumbing  that  it  will  not  give  trouble  in 
winter  from  freezing.  All  pipes  in  exposed  locations  should  be  well 
protected  and  frost-proofed.  It  is,  of  course,  far  preferable  to  look 
out  during  the  construction  of  a  building  that  the  pipes  carrying 
water  (or  gas)  are  never  placed  so  that  the  frost  may  penetrate  to  or 
affect  them. 

In  this  connection  the  following  precautions  to  guard  against  freez- 
ing up  of  fire  protective  apparatus,  formulated  by  the  Factory  Insur- 
ance Association  of  Hartford,  Conn.,  are  worthy  of  consideration: 

(a)  "  Exjamine  the  tanks  and  ^11  pipes,  fittings  and  valves,  whether 
for  steam  work,  for  general  water  service,  or  for  fire  protection. 

(b)  See  that  none  are  frozen  or  may  freeze;  observe  and  test 
whether  they  are  all  in  good  working  order,  and  ready  for 
use  in  an  emergency.  Where  there  is  any  liability  of  freezing, 
provide  the  required  protection. 

(c)  See  that  all  valves  are  kept  open  which  require  to  be  open, 
and  try  all  water  outlets  to  ascertain  whether  or  not  the  pipes 
are  free  and  ready  for  service. 

(d)  Provide  a  supply  of  extra  sprinklers  to  replace  any  which 
may  have  become  frozen  or  damaged. 

(e)  Make  sure  that  the  engineer  in  charge  is  thoroughly  conver- 
sant with  the  object  of  every  pipe  and  valve. 

(/)  Try  all  pumps,  particularly  the  fire  pumps,  and  see  that  they 

are  in  good  working  condition  and  ready  for  instant  service. 
(g)  Test  all  the  outside  fire  hydrants  and  all  inside  fire  valves 

and  see  that  they  are  working  properly.     Try  the  hydrant 

indicator  posts  and  see  that  hydrants  drain  out  freely. 
(h)  Make  sure  that  the  night  watchman  is  thoroughly  instructed 

regarding  the  use  of   all  fire-protection  apparatus  and  the 

location  and  operation  of  all  valves. 
(i)  Examine  the  ends  of  suction  pipes  and  see  that  they  are  free 

and  not  clogged  with  leaves  or  other  refuse  matter  in  the 

strainers. 
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(j)  Have  the  chemical  extinguishers  emptied  and  recharged,  and 
put  in  proper  working  order. 

(k)  Take  measures  to  prevent  the  freezing  of  water  in  fire  casks 
and  fire  pails  in  unheated  buildings. " 

Care  of  the  Plumbing  of  Houses  not  Occupied  in  Winter.  —  In 
stmimer  houses  the  sanitary  appliances  are,  as  a  rule,  intended  for 
use  only  during  a  few  warm  months  of  the  year  and  many  houses 
are  not  provided  with  heating  apparatus.  When  country  residences 
are  closed  up  for  the  winter,  the  most  important  thing  to  do  is, 
not  the  mere  shutting  oflF  of  the  water  supply,  but  the  complete 
and  thorough  "draining"  or  removal  of  water  from  all  supply  and 
waste  pipes,  from  the  traps,  and  from  the  fixtures,  tanks  and 
flushing  cisterns.  The  more  elaborate  the  plumbing  layout  is,  the 
greater  the  difficulty  of  doing  this  task  thoroughly,  particularly 
in  cases  where  the  work,  when  originally  installed,  was  not  so  ar- 
ranged that  all  pipes  have  a  continuous  grade,  so  they  will  empty, 
and  so  that  there  will  be  left  nowhere  any  standing  water  in 
concealed  traps  or  in  sags  or  bends  of  the  water-distribution  pipe 
system. 

The  water  supply  to  the  house  should  be  shut  oflF,  either  in  the 
cellar,  where  it  enters  the  house,  or  preferably  at  a  stopcock  or  gate 
valve,  located  outside  of  the  house,  and  placed  at  such  a  depth  that 
it  cannot  freeze.  At  this  point  there  should  also  be  a  drip  or  waste 
cock,  at  which  all  the  water  contained  in  the  house  pipes,  or  at  least 
as  much  of  it  as  cannot  be  drained  at  the  fixtures,  will  flow  out.  To 
drain  the  pipes,  it  is  necessary  to  open  up  all  the  faucets  at  fixtures. 
Sometimes  a  force  pump  is  applied  to  the  faucets  to  make  sure  that 
all  water  has  run  out  of  the  pipes. 

The  kitchen  boiler,  the  house  tank,  and  all  flushing  cisterns  must 
be  completely  emptied  and,  if  necessary,  sponged  out.  All  traps  of 
fixtures  should  be  arranged  in  summer  houses  so  as  to  facilitate  the 
emptying  for  the  winter.  Exposed  traps  of  sinks  and  wash  basins 
are  readily  drained  by  removing  the  brass  trap  screws  at  the  bottom 
bend  of  the  traps,  and,  while  traps  of  bath-tub  wastes  are  not  so 
easily  reached,  they  may  be  blown  out,  or  emptied  by  a  syringe  or 
a  simple  suction  pump. 

Water-closet  bowls,  which  form  in  themselves  the  trap,  should  be 
emptied  by  a  sponge  and  completely  dried.     Care  should  be  exer- 
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cised  that  no  water  is  left  in  any  part  of  the  flushing  rim.  Under 
certain  conditions  it  is  preferable  to  disconnect  the  fixture  rather  than 
risk  the  freezing  of  the  costly  earthenware  bowls.  But  this  involves 
an  annually  recurring  expense  of  re-setting  the  closets,  and  some 
owners  prefer  taking  the  risk  of  leaving  the  water-closet  fixture 
connected. 

Where  the  main  house  trap  is  in  the  cellar,  this  too  should  be 
emptied,  provided,  of  course,  that  there  are  no  inside  leader  con- 
nections. 

As  a  rule,  in  country  houses  the  leaders  form  a  separate  system. 
But  in  cases  where  one  wishes  to  close  up  a  city  house  for  the 
winter,  the  inside  leader  traps  and  the  main  house  trap  must  be 
very  carefully  protected  against  freezing. 

With  the  traps  in  summer  homes  left  without  water,  the  danger 
of  entrance  of  sewer  air  from  the  sewer,  cesspool  or  sewage  tank  arises. 
Hence  it  becomes  advisable  to  seal  the  traps  with  some  non-freezing 
liquid  which  does  not  readily  evaporate.  It  is  customary  to  fill 
the  traps  with  glycerine  or  else  with  kerosene  oil.  Water-closet 
traps  are  sometimes  filled  with  a  strong  salt  solution,  or  with  cal- 
cium chloride.  * 

The  outlets  and  overflow  holes  of  sinks,  basins  and  baths  ghould 
be  tightly  closed  with  plugs  or  stoppers. 

Care  of  the  Plumbing  of  Houses  left  Vacant  During  the  Summer. — 
Houses  which  are  left  vacant  during  a  part  or  the  entire  summer  — 
as  a  rule  city  residences  —  should  be  protected  against  the  entrance 
of  sewer  air.  During  the  warm  season  of  the  year  evaporation  goes 
on  very  actively,  and  for  this  reason  the  traps  of  fixtures,  when  not 
in  use,  lose  their  water  seal  in  a  short  time,  and  especially  so  where 
the  traps  are  back-vented,  as  the  vent  system  establishes  currents  of 
air  passing  near  the  water  seal  of  the  trap  and  increases  thereby 
the  evaporation. 

It  is  usual  to  empty  the  water  left  in  the  traps  and  to  substitute 
for  it  some  liquid  which  is  not  much  subject  to  evaporation.  Plumb- 
ers use  either  glycerine  or  kerosene  for  this  purpose,  the  former 
being  the  best,  but  more  expensive  than  kerosene  oil. 

Before  filling  the  traps  they  should  be  well  cleaned,  and  any  strings, 
lint  or  hair  removed. 

After  the  traps  are  filled  no  more  water  should  be  allowed  to  pass 
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through  the  fixture,  as  this  would  displace  the  oil.  Hence  it  is  best 
to  shut  ofiE  the  entire  water  supply  at  the  main  controlling  shut-off 
and  also  at  the  house  tank. 

In  some  cases,  the  main  house  sewer  is  closed  with  a  testing  plug, 
inserted  at  a  clean-out.  This  can  obviously  be  done  only  in  houses 
so  arranged  that  no  storm  water  from  roofs  or  areas  passes  through 
the  main  house  sewer  in  the  cellar.  In  New  York  City,  for  instance, 
where  there  is  usually  a  leader  at  the  rear  of  the  house  and  also  the 
back  yard  and  sometimes  areas  connected  with  the  house  sewer,  the 
above  method  of  excluding  sewer  air  from  the  street  sewer  is  not 
practicable,  for  a  passage  must  be  kept  for  the  removal  of  the  rain 
water.  But  in  suburban  or  country  houses,  where  the  leaders  are 
outside  and  often  connected  with  a  separate  rain-water  drain,  the 
method  suggested  is  a  good  one. 

The  waste  outlets  and  overflow  holes  or  channels  of  fixtures  should 
be  securely  closed.  This  may  be  accomplished  with  rubber  plugs  or 
corks;  sometimes  paper  is  pasted  over  the  overflow  holes  of  bowls. 
Those  fixtures  which  hold  a  large  amount  of  water,  as,  for  instance, 
bath  tubs,  washtubs  and  large  sinks,  may  be  filled  with  water  to  seal 
the  plugged  outlets. 

Another  method  consists  in  disconnecting  basin  and  sink  wastes, 
and  inserting  a  "  blind  "  washer  to  seal  the  outlet. 

Water-closets  and  slop-hoppers  are  usually  protected  by  dipping 
out  the  water  and  filling  the  traps  with  glycerine,  kerosene  or  a 
solution  of  calcium  chloride. 

A  complication  arises  when  the  owner  desires  to  keep  some  of  the 
fixtures  in  operation  for  the  use  of  the  caretaker.  Usually  it  is  best, 
under  such  conditions,  to  leave  the  water  turned  on  everywhere 
and  to  issue  careful  instructions  to  the  caretaker,  that  he  or  she  must 
flush  out  each  and  every  fixture  with  plenty  of  water,  and  that  this 
should  be  done  daily.  Caretakers,  however,  cannot  always  be 
depended  on,  and  this  fact  has  led  to  the  invention  of  various  kinds 
of  trap  attachments,  connected  with  the  water  pipes,  which  keep  the 
traps  filled  automatically  and  thus  replenish  any  water  lost  by 
evaporation  or  capillary  attraction.  But  no  automatic  contrivance 
has  been  invented  yet  which  does  not  require  occasional  looking 
after;  hence  the  better  remedy  is  to  select  a  caretaker  who  can  be 
depended  upon  to  follow  instructions. 
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Measures  tending  to  protect  Pipes  in  Buildings  against  Corrosion 
by  Electrolytic  Action.  —  For  some  time  it  has  been  observed  that 
considerable  damage  may  be  done  to  underground  street  gas  or 
water  mains,  or  to  service  pipes  of  lead  or  iron  crossing  tracks,  by 
the  electric  currents  escaping  from  trolley  lines,  which  use  the  rail 
and  the  earth  as  a  return  (the  so-called  "grounded  returns").  It  is 
found  that  some  of  the  electric  current,  by  being  diverted  to  the 
water  or  gas  pipes,  causes  damage  to  them,  chiefly  at  the  points  where 
it  leaves  the  pipes. 

In  recent  years,  however,  instances  have  also  occurred  where 
pipes  for  the  conveyance  of  water,  steam  or  gas  in  the  interior  of 
buildings  had  been  quickly  corroded,  and  in  some  of  these  cases 
investigation  has  shown  conclusively  that  the  destruction  of  the 
pipes  (or,  in  some  cases,  of  fittings  and  appurtenances  in  the  line) 
was  due  to  electrolytic  action.  The  writer* was  shown,  not  long  ago, 
several  pieces  of  galvanized  wrought  iron  supply  pipes  which  had 
been  installed  under  his  direction  in  a  prominent  clubhouse  building 
in  New  York  city,  which  were  pitted  and  honeycombed,  and  in  some 
parts  reduced  almost  to  a  knife  edge  in  thickness,  and  this  after  the 
pipes  had  been  in  the  building  not  more  than  five  or  six  years.  The 
writer  became  convinced  at  the  time  that  the  corrosion  was  due  to 
electrolysis,  but  not  being  an  expert  in  electrical  matters  he  did  not 
investigate  it  further. 

Electrolysis  occurs  when  an  electric  current  leaves  a  conductor 
through  an  electrolyte.  The  pipe  is  the  conductor,  the  earth  the 
electrolyte. 

There  are  two  remedies  against  electrolysis:  (i)  to  bond  the  pipes 
with  the  return  circuit  and  thereby  cause  as  much  current  as 
possible  to  leave  through  the  bonds;  (2)  to  make  pipes  as  non- 
conducting as  possible,  and  thus  prevent  the  current  from  entering 
the  pipes. 

The  second  system  is  doubtless  the  better  system.  The  near- 
est approach  to  perfection  is  to  use  insulating  joints  at  frequent 
intervals.  Insulate  the  pipes  from  the  surrounding  earth  by  a 
protective  covering  or  coating.  Gas  and  water  engineers  have 
recently  made  use  of  the  "Sarco"  mineral-rubber  pipe  coating,  a 
pure  asphaltic  bitumen,  possessing  non-conducting  qualities,  to 
protect  their  pipes  against  the  destructive  action  of  electrolysis. 
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This  coating  is  applied  much  in  the  same  way  as  the  asphalt  coat 
on  wrought-iron  or  steel  pipes,  namely  the  coating  solution  is  heated 
in  an  oven  bath  to  from  300  to  400  degrees  F.;  the  pipe  is  heated  to 
the  same  temperature  and  then  dipped,  either  horizontally  or  verti- 
cally, into  the  bath. 

Mr.  Adolphus  A.  Knudson,  an  electrical  engineer  who  makes  a 
specialty  of  electrolysis,  in  a  paper  presented  at  the  meeting  of 
March,  1907,  of  the  American  Institute  of  Electric  Engineers,  stated 
that  "only  a  small  fraction  of  an  ampere  is  necessary  to  cause  elec- 
trolytic action,"  and  presented  photographs  of  two  water  meters 
practically  destroyed  by  electrolysis  while  in  service  in  cellars  of 
buildings.  His  expert  examination  revealed  the  fact  that  in  the 
case  mentioned  electric-railway  currents  had  strayed  to  a  12-inch 
water  main  near  two  tracks  several  hundred  feet  away,  had  followed 
a  6-inch  lateral  and  then  the  service  pipes,  had  entered  the  building 
and  passed  on  through  the  damp  cellar  soil  to  the  steel  foimdations 
and  steel  beams,  to  which  the  water  pipes  were  hung  or  fastened. 
The  two  meters  were  damaged,  and  likewise  the  lead  service  pipes 
below  the  cellar  floor,  which  had  to  be  replaced.  In  this  instance, 
"by  a  drop  test  a  current  flow  of  4J  amperes  was  observed  flowing 
towards  the  meters  and  lead  services."  The  same  expert,  in  his 
paper,  states  that  "many  similar  clear  cases  of  currents  straying 
into  buildings  and  injuriously  affecting  water  or  gas  pipes  have  been 
discovered." 

In  the  Electrical  Age  of  October,  1905,  Mr.  Knudson  describes  a 
somewhat  similar  case  where  the  electric  current  entered  a  building 
and  caused  damage  by  the  ignition  and  explosion  of  gases  by 
sparks.  In  this  instance,  a  gas  and  water  service  placed  close 
together  along  the  wall  of  the  engine  room  had  for  some  time 
emitted  sparks  whenever  a  metal  rod  touched  both  pipes,  and  similar 
snapping  sparks  occurred  when  a  swinging  gas  bracket  came 
accidentally  in  contact  with  a  near-by  steam  riser.  He  points  out 
that  in  works  where  explosives  of  any  kind  are  manufactured,  and 
in  powder  magazines,  a  real  danger  of  fire  or  explosion  exists,  and 
urges  frequent  examinations  of  the  gas,  water  and  other  services,  to 
determine  whether  electric  currents  are  present. 

As  this  is  a  matter  of  considerable  interest  to  fire  underwriters, 
the  writer  made  inquiries  from  both  the  New  York  and  the  National 
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Board  of  Fire  Underwriters,  but  was  informed  that  they  had  "no 
information  on  file  regarding  the  subject." 

It  has  been  found  that  where  evidences  point  to  the  existence  of 
electric  currents  in  service  pipes  one  remedy  is  to  install  instilated 
joints  which  consist  of  two  special  castings  or  fittings  separated  by 
a  heavy  rubber  gasket  *  or  else  to  bond  the  service  together  outside 
of  the  building  by  means  of  strong  copper  wire.  The  enclosing  of 
service  pipes  with  asphalt,  or  wrapping  them  with  rubber  tape  or 
other  insulating  material,  has  also  been  suggested.* 

Since  it  is  the  current  practice  to  support  water-  and  gas-distribution 
pipes  in  buildings  from  the  steel  beams  or  girders,  it  seems  desirable, 
not  only  for  the  protection  of  the  piping,  but  likewise  for  that  of 
the  steel  construction,  that  the  latter  be  properly  insulated  and  thor- 
oughly protected  against  moisture.  Experiments  by  Mr.  Knudson 
have  shown  that  metals  covered  by  concrete  or  cement  have  in  some 
cases  been  damaged  by  electrolytic  action,  and  hence  the  proper 
insulation  of  the  steel  foundations  is  of  much  importance.  Coats  of 
paint  or  varnish  are  said  to  be  of  little  value  as  insulating  materials. 

It  may  be  possible  to  accomplish  a  sufficient  protection  of  the 
pipes  and  services  of  a  building  by  the  use  of  some  form  of  instilated 
pipe  hanger  or  support,  though  the  writer  is  not  aware  of  the  fact 
that  such  have  ever  been  put  on  the  market,  or  that  experiments  in 
this  direction  have  been  tried. 

The  best  method  of  prevention,  probably,  is  to  insist  that  the 
street-railway  companies  take  care  of  their  return  current  by  the 
double-trolley  system. 

Measures  to  Guard  against  Water  Hammer  in  Pipes.  —  The 
question  of  water  hammer  in  water-pipe  systems  is  one  of  consider- 
able interest  to  engineers  and  to  plumbers,  not  only  because  of  the 
annoyance  caused  by  the  noise  accompanying  this  phenomenon, 
which  is  transmitted  through  the  pipes  for  long  distances,  butx:hiefly 
because  of  the  fact  that  water  hammer  induces  sometimes  very 
severe  strains  in  the  pipes  or  fittings,  weakens  them  by  degrees,  and 
in  some  cases  even  puts  them  in  danger  of  bursting. 

What  causes  this  water  hammer  in  water-supply  systems  ? 

Water  hammer  or  "hydraulic  shock"  occurs  when  the  flow  of 

*  See  Hubbard  and  Kiersted,  Water  Works  Management  and  Maintenance.  John 
Wiley  &  Sons,  1907. 


356  THE  WATER  SUPPLY,  SEWERAGE  AND 

water  in  a  closed  pipe  conduit  is  suddenly  checked  or  interrupted, 
and  the  higher  the  water  pressure  the  more  it  is  likely  to  make  itself 
felt. 

When  water  is  in  motion  in  a  pipe,  it  acquires  a  certain  momentum 
or  energy,  and  the  amount  of  its  energy  is  directly  proportional  to 
the  mass,  or  the  weight,  of  the  water,  and  to  the  square  of  its  velocity. 
This  energy  or  force,  when  suddenly  checked  or  arrested,  is  con- 
verted into  pressure,  which  is  greatest  at  the  point  where  the  flow 
is  arrested,  but  which  is  exerted  throughout  the  entire  system,  be- 
cause water  is  practically  non-compressibte,  and  it  is  this  impact 
which  causes  the  water  hammer.  It  occurs  primarily  when  valves, 
faucets  or  hydrants  are  closed  too  suddenly,  but  sometimes  it  takes 
place  when  there  is  a  too  quick  reduction  of  the  flow,  even  when 
this  is  not  entirely  shut  off.  The  pulsation  of  a  pump  which  has 
accumulated  air,  due  to  leaks  in  the  suction  line,  causes  the  "  pound- 
ing" of  the  pump,  which  may  also  give  rise  to  water  hammer.  Lack 
of  air  in  the  air  vessel  of  a  pump  is  another  cause  for  this  dis- 
turbance. 

Everything  possible  should  be  done  to  avoid  water  hammer, 
because  its  repeated  occurrence  is  apt  to  strain  the  pipes  and  fittings 
or  weaken  the  joints,  and  in  some  cases  disastrous  results  may 
follow.  But  it  is  not  always  an  easy  problem  to  know  how  to  cure 
such  cases.  Certain  remedies,  however,  suggest  themselves,  which 
in  the  majority  of  instances  do  away  with  the  evil. 

(a)  It  is  obvious  that  hydraulic  shock  can  be  avoided  if  the 
energy  of  water  in  motion  can  be  absorbed  gradually  and  slowly. 
In  other  words,  the  velocity  of  water  flowing  under  a  high  pressure 
should  be  checked  very  slowly,  and  particularly  so  in  large  straight 
runs  of  piping.  Every  careful  water-works  engineer  follows  this 
rule,  and  valves  of  large  diameter  on  the  mains  are  closed  by  screw- 
gearing,  arranged  so  as  to  operate  slowly  and  gradually. 

The  rules  for  the  closing  of  valves  and  hydrants  should  also  be 
applied  and  enforced  for  the  interior  water  fittings,  such  as  shut-offs 
and  faucets,  where  the  pressure  is  heavy  and  consequently  the 
velocity  of  flow  large. 

(6)  In  the  case  just  mentioned,  the  domestic  plumbing  fixtures 
should  be  fitted  up  with  slow-closing  (not  self-closing)  faucets. 
Therefore  "compression"  faucets  should  be  chosen  in  preference  to 
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fuller  faucets,  which  close  by  a  quick  quarter  turn,  or  spring  or  self- 
closing 'faucets. 

(c)  In  some  cases  I  have  made  successful  use  of  a  device  called 
an  "  anti-water-hammer  attachment.''  This  is  not  an  air  chamber, 
but  a  spiral  flexible  device  of  brass,  intended  to  take  up  the  hydraulic 
shock.  It  may  be  placed  either  at  the  main  service  in  the  cellar 
near  the  point  where  it  enters  the  house,  or  else  it  can  be  used  in 
place  of  air  chambers  at  some  of  the  fixtures. 

(d)  The  supplies  to  the  fixtures  should  always  be  provided  with 
air  chambers.  They  are  also  used  on  the  suction  and  discharged 
sides  of  pumps.  Air  chambers  are  practically  enlargements  of  the 
pipe,  or  vessels  of  ample  dimensions  and  of  proper  size  and  shape, 
intended  to  contain  air,  and  they  act  as  buffers  or  cushions,  as  it 
were,  in  taking  up  the  energy  of  the  water  in  motion  by  a  compression 
of  the  air. 

Such  air  vessels  or  air  chambers  may  also  be  used  on  the  main 
supply  risers,  on  fire  lines,  etc.,  by  a  suitable  continuation  of  the 
vertical  pipe  at  their  upper  ends. 

It  is  always  advisable  to  place  air  vessels  directly  in  the  line  of  the 
flow  and  not  at  right  angles  to  it,  and  they  should  always  be  set  in  a 
vertical  position.  The  drawback  pertaining  to  air  chambers  is  that 
they  are  very  apt  to  lose  their  air  in  time.  Water  absorbs  some  of  it 
and  some  may  be  lost  by  leakage.  Automatic  air-inlet  valves  have 
been  suggested  as  a  remedy,  but  they  are  of  doubtful  advantage,  for 
all  automatic  appliances  require  looking  after,  hence  it  is  preferable 
to  provide  recharging  devices  operated  by  hand,  which  require  some 
personal  attention.    (See  also  Chapter  V.) 


CHAPTER  VIII. 

RULES  ON  PLUMBHf  G,  WATER  SUPPLY  AND  SEWERAGE,  CHIEFLY 
FOR  HOSPITAL  BUILDINGS  AND  OTHER  PUBLIC  INSTITUTIONS. 

I.     PLUMBING  WORK. 

Drawings,  Plans  and  Specifications.  — Plans  for  the  plumbing  and 
drainage  shall  be  drawn  in  ink,  on  linen  cloth,  and  the  size  of  all 
sheets  shall  be  uniform,  namely,  26  X  38  inches,  with  an  inside 
margin  line  of  i  inch  all  around  the  sheet,  making  size  of  drawing 
24  X  36  inches. 

General  floor  plans  of  the  buildings  shall  be  drawn  on  the  scale 
of  one-fourth  inch  to  the  foot,  where  possible,  and  for  larger  build- 
ings one-eighth  inch  to  the  foot. 

Details,  wherever  required,  showing  the  plumbing  work  in  plan, 
elevation  or  in  section,  shall  be  drawn  to  a  larger  scale,  such  as 
one-half  inch  to  the  foot,  or  one  inch  to  the  foot. 

Specifications.  — The  work  to  be  done  shall  be  accurately  de- 
scribed in  typewritten  or  printed  specifications. 

Approval  of  Plans  and  Specifications.  —  No  work  shall  be  begun 
until  plans  and  specifications  have  been  filed  and  approved,  and  no 
changes  from  approved  plans  or  specifications  or  additional  work 
shall  be  authorized  without  approval. 

Repairs  and  Alterations.  —  Repairs  or  alterations  of  the  plumbing 
and  drainage  of  buildings  may  be  carried  out  without  plans  and 
specifications,  provided  said  repairs  do  not  include  the  running  of 
new  vertical  or  horizontal  lines  of  soil,  waste,  vent,  or  drain  lines. 

Definition  of  Terms.  —  The  term  house  sewer  shall  apply  to 
that  portion  of  the  sewer  of  the  building  which  extends  from  a  point 
five  feet  from  the  outer  wall  of  the  building  to  its  connection  with 
either  the  main  or  branch  sewer,  or  a  public  sewer,  or  with  a  sewage 
flush  tank,  as  the  case  may  be. 

The  term  house  drain  shall  apply  to  the  entire  extent  of  the 
horizontal  main  drain  and  its  branches  inside  of  the  walls  of  the 
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building,  and  extending  from  there  to  the  point  where  the  house 
sewer  begins. 

The  term  soil  pipe  shall  apply  to  any  vertical  line  of  pipe  which 
is  extended  upward  through  the  roof  and  is  intended  to  receive  the 
discharge  from  one  or  more  water-closets,  with  or  without  the 
waste  from  other  plumbing  fixtures. 

The  term  waste  pipe  shall  apply  to  any  vertical  line  extended 
up  through  the  roof  which  receives  the  waste  water  from  plumbing 
fixtures  of  all  kinds,  except  water-closets. 

The  term  vent  pipe  shall  apply  to  any  vertical  line  of  pipe  which 
is  provided,  either  for  the  ventilation  of  branch  waste  pipes,  or  which 
serves  for  connection  with  the  back-air  pipes,  from  the  traps  under 
fixtures. 

The  term  leader  or  conductor  pipe  shall  apply  to  any  vertical 
line  of  waste  pipe,  located  either  inside  or  outside  of  a  building, 
which  is  intended  for  the  removal  of  roof  water. 

Materials.  —  Cast-iron  Pipes  and  Fittings.  —  All  cast-iron  pipes 
and  fittings  shall  be  of  the  grade  known  as  extra  heavy  and  equal 
to  the  best  grade  of  soil  pipes  manufactured  in  the  market.  All 
pipes  and  fittings  shall  be  of  a  uniform  thickness,  free  from  flaws, 
cracks,  sand  holes  or  other  defects.  They  shall  be  truly  cylindrical, 
straight,  smooth,  and  with  strong  and  deep  sockets;  the  weight  of 
extra  heavy  cast-iron  pipe  shall  be  as  follows: 

2"  pipe  to  weigh  5^  pounds  per  lineal  foot. 

3^^  pipe  to  weigh  •  9J  pounds  per  lineal  foot. 

4"  pipe  to  weigh  13    pounds  per  lineal  foot. 

5^^  pipe  to  weigh  17    pounds  per  lineal  foot. 

6^  pipe  to  weigh  20    pounds  per  lineal  foot. 

y"  pipe  to  weigh  27    pounds  per  lineal  foot. 

S^  pipe  to  weigh  ^^i  pounds  per  lineal  foot. 

All  cast-iron  pipes  and  fittings  used  underground  shall  be  tar- 
coated  factory-tested  pipe.  All  pipes  and  fittings  of  cast  iron  used 
above  the  ground  in  the  buildings  shall  be  left  untarred,  and  after 
being  put  in  position  shall  be  coated  with  two  coats  of  approved 
paint. 

All  fittings  and  iron  traps  shall  correspond  in  quality,  weight, 
internal  diameter  and  finish  witlj  the  pipes  specified. 
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Wrought-iron  and  Steel  Pipe.  — All  wrought-iron  or  steel  pipe 
shall  be  equal  in  quality  to  "standard  pipe,"  and  shall  be  properly 
tested  at  the  pipe  mills.  All  pipe  shall  be  lap-welded.  No  plain 
black  or  uncoated  pipe  shall  be  used.  Soil  and  waste  pipes  may 
consist  of  asphalted  pipes,  or  else  they  may  be  galvanized.  Vent 
pipes  shall  always  be  of  galvanized  iron. 

The  fittings  for  screw-jointed  wrought-iron  drainage  systems 
shall  be  extra  heavy,  malleable  iron,  recessed  or  "drainage"  fittings, 
with  heavy  shoulder  and  smooth  interior  waterway.  The  threads 
of  fittings  shall  be  tapped  so  as  to  give  a  uniform  fall  to  the  branches 
of  one-fourth  inch  for  pipes  four  inches  or  larger  in  size,  and  of  one- 
half  inch  to  the  foot  for  pipes  smaller  than  four  inches. 

Short  nipples  of  wrought  iron  or  steel,  the  unthreaded  part  of 
which  is  less  than  one  i  J  inches  long,  shall  be  of  the  thickness  and 
weight  known  as  "extra  heavy." 

The  weight  of  wrought-iron  or  steel  pipe  of  standard  quality 
shall  be  as  follows: 

j^^  pipe  to  weigh  2.68  pounds  per  lineal  foot. 
2"  pipe  to  weigh  3.61  pounds  per  lineal  foot. 
3"  pipe  to  weigh  7.54  pounds  per  lineal  foot. 
4"  pipe  to  weigh  10.66  pounds  per  lineal  foot. 
^^  pipe  to  weigh  14.50  pounds  per  lineal  foot. 
6^^    pipe  to  weigh  18.76  pounds  per  lineal  foot. 

Brass  Pipe.  —  All  brass  pipe  shall  be  thoroughly  annealed  seam- 
less drawn  brass  tubing,  of  standard  iron-pipe  gauge. 
The  weight  of  brass  pipe  shall  average  as  follows: 

i^"  pipe  to  weigh  2.84  pounds. 
2"  pipe  to  weigh  3.82  pounds. 
3^^  pipe  to  weigh  7.92  pounds. 
4^^    pipe  to  weigh  11.29  pounds. 

Brass  Ferrules.  —  Brass  ferrules  shall  be  of  best  quality,  extra 
heavy  cast  or  drawn  brass,  ^ell  shaped,  not  less  than  four  inches 
long,  and  shall  have  the  following  weight,  namely : 

2J"  in  diameter  to  weigh  i    pound. 
3^^^  in  diameter  to  weigh  if  pounds. 
4^  in  diameter  to  weigh  2^  pounds. 
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Brass  Soldering  Nipples.  —  All  soldering  nipples  shall  be  of  heavy 
cast  or  drawn  brass,  or  else  of  brass  pipe  of  iron-pipe  size. 
Cast  nipples  shall  weigh  at  least  as  follows: 

li"  nipples    i  pound. 
2"  nipples    \  pound. 
2\"  nipples  1 1  pounds. 
3^^    nipples  2    pounds. 
^"    nipples  3^  pounds. 

Brass  Clean-outs. —  All  clean-outs  in  the  drainage  system  shall  be 
closed  with  brass  (not  iron)  screw  caps.  All  brass  screw  caps  shall 
be  extra  heavy,  not  less  than  \  of  an  inch  thick,  and  shall  have  a 
flange  of  not  less  than  ^^  of  an  inch  in  thickness.  Each  screw  cap 
shall  have  a  solid  square  or  hexagonal  nut,  not  less  than  i  inch  high, 
with  a  minimum  diameter  of  i^  inches.  The  body  of  the  clean-out 
ferrule  shall  at  least  equal  in  weight  and  thickness  the  calking 
ferrule  for  the  same  size  of  pipe.  The  engaging  parts  of  the  screw 
cap  shall  not  have  less  than  six  threads,  shall  be  of  iron-pipe  size, 
and  tapered. 

Brass  Floor-  Flanges.  —  For  the  connections  of  all  earthenware 
water-closets  with  the  soil  pipe  extra  heavy  finished  brass  floor 
flanges  shall  be  used. 

Copper  Flashings.  —  Copper  flashings  and  copper  tubing  for  inside 
leader  connections  shall  be  seamless  drawn  tubing,  not  less  than 
18  gauge. 

Lead  Pipe.  —  (a)  Waste  and  Vent  Pipes.  —  Lead  pipe  shall  be 
used  only  for  short  branch  waste  or  vent  connections.  All  such 
lead  pipe  shall  be  best-quality  drawn  pipe,  of  the  grade  known  as 
"Z),"  to  weigh  as  follows: 

lY  pipe  to  weigh  2^  pounds  per  lineal  foot. 
I  J"  pipe  to  weigh  3  pounds  per  lineal  foot. 
2"  pipe  to  weigh  5  pounds  per  lineal  foot. 
3"  pipe  to  weigh  6  pounds  per  lineal  foot. 
4^^   pipe  to  weigh  8    pounds  per  lineal  foot. 

(J)  Supply  Pipes,  —  Ordinarily,  lead  pipe  shall  not  be  used  for 
supply  pipes  except  by  special  approval.     If  so  used,  the  pipe  shall 
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be  equal  to  lead  pipe  known  as  "i4i4  "  and  shall  weigh  at  least  as 

Y  PiP^  t^  weigh  2\  pounds  per  lineal  foot. 

Y  pipe  to  weigh  3^  pounds  per  lineal  foot. 
1^  pipe  to  weigh  4^  pounds  per  lineal  foot. 
lY  pipe  to  weigh  5I  pounds  per  lineal  foot. 
lY  pipe  to  weigh  7    pounds  per  lineal  foot. 

Sheet  Lead.  —  Sheet  lead  for  roof  flashings  shall  be  of  at  least 
six  pounds  weight  per  square  foot. 

Traps.  —  Lead  traps  shall  be  of  the  same  weight  and  thickness  as 
specified  for  lead  pipe. 

Brass  traps  shall  be  of  heavy  brass  and  made  particularly  smooth 
on  the  inside;  they  shall  have  all  waste  and  vent  connections  screwed. 

Earthen  traps  shall  be  used  for  water-closets,  urinals  or  slop-sinks 
only,  and  shall  not  have  any  vent-horn  connections. 

Iron  traps  shall  correspond  in  weight  to  the  extra-heavy  cast-iron 
pipes  specified.  The  iron  traps  for  house  drains  shall  be  provided 
with  two  clean-out  openings,  closed  with  brass  screw  caps,  at  least 
four  inches  in  diameter.  Cast-iron  trap  standards  for  slop-sinks 
shall  be  porcelain-lined  or  enameled  on  the  inside,  and  provided 
with  a  two-inch  brass  trap  screw  inside  of  trap. 

Valves.  —  All  valves  on  supply  lines  shall  be  best-quality  heavy, 
straight-waterway,  steam-metal  gate  valves.  Valves  larger  than 
two  inches  in  diameter  shall  be  of  best-quality  iron,  brass-lined. 

Wheel  handles  on  valves  shall  be  detachable  and  made  of  brass. 

Globe  valves  shall  not  be  used  on  water-supply  lines. 

All  valves  placed  below  cellar  floors  shall  be  provided  with  cast- 
iron  boxes  and  covers  in  order  to  be  accessible. 

Valves  on  steam  supplies  to  spray  bath  apparatus  shall  be  best- 
quality  soft-seat  steam-globe  valves,  with  rosewood  handles. 

All  valves  on  supply  and  distributing  lines,  on  risers  and  on 
branches,  shall  be  provided  with  tinned-brass  tags  securely  attached 
to  the  valves.  ,  These  tags  shall  be  either  numbered  or  else  stamped 
with  letters.  For  each  building  triplicate  typewritten  or  printed 
lists  shall  be  prepared,  giving  the  location,  description  and  use  of 
every  valve,  either  by  numbers  or  by  letters. 

Check  Valves.  —  Check  valves  shall  be  of  the  best-quality  steam 
metal,  of  the  horizontal  or  swing  check  pattern. 
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Stopcocks  and  Compression  Stops.  —  Ordinary  ground-key  stop- 
cocks shall  not  be  used. 

At  the  supplies  to  fixtures  and  flushing  cisterns,  compression  stops 
or  else  gate  valves  shall  be  used. 

Sill  Cocks.  —  Steam-metal  or  brass  sill  cocks  for  use  in  washing 
or  flushing  tiled  floors  which  have  floor  drains  shall  be  best-quality 
brass  or  steam-metal  wheel-handle  cocks  with  hose  nozzle. 

Faucets.  —  Faucets  for  basins,  tubs,  and  sinks  shall  be  best- 
quality  heavy  compression  work  or  self-closing  faucets.  They  shall 
be  either  of  polished  steam  metal,  or  of  nickel-plated  brass,  or  of 
white  metal.  Hot-water  faucets  for  ward  fixtures  of  hospitals  for 
insane  shall  be  arranged  with  detachable  key  handles  for  use  by  the 
attendants  only. 

Flushing  Pipes.  — Flush  pipes  connecting  the  flushing  cisterns 
with  the  water-closet,  urinal  and  slop-sink  bowls  shall  be  of  heavy 
drawn-brass  tubing,  iron-pipe  size,  or  else  polished  smooth  steel 
tubes.  They  shall  have  brass  ground-union  couplings,  brass  hold- 
fasts and  (for  water-closets)  rubber  buffers.  ^The  size  shall  be 
I J  inches  inside  diameter  for  water-closets  and  slop-sinks;  and 
I  inch  diameter  for  urinals. 

Flush  pipes  for  ward  fixtures  shall  be  either  bronzed  brass 
pipes,  or  brass  pipes  with  steel-bronze  finish.  Those  for  oflSce 
fixtures  and  medical  officers'  bath  rooms  may  be  of  nickel-plated 
brass. 

Supply  Pipes.  — All  supply  pipes  shall  be  of  best-quality  welded, 
galvanized  wrought-iron  pipes. 

Lead  pipes  shall  not  be  used  for  ward  fixtures.  Black  wrought- 
iron  pipes  shall  not  be  used  for  supply  pipes. 

Except  in  special  cases,  where  the  quality  of  the  water  supplied 
to  the  buildings  is  such  as  to  attack  and  corrode  galvanized  wrought- 
iron  pipe,  tinned-  and  annealed-brass  pipes  shall  not  be  used  for  the 
main-supply  system  and  the  risers  and  branches.  Brass  pipes  shall 
only  be  used  in  special  cases. 

Fixtures  having  a  nickel-plated  finish  may  be  fitted  up  with  plated- 
brass  pipes. 

Air  Chambers.  —  Air  chambers  of  suitable  size  and  dimensions 
shall  be  placed  vertically  on  the  ends  of  the  hot  and  cold  supply 
pipes  to  fixtures,  to  prevent  water  hammer  in  the  pipes. 
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Escutcheons.  —  Escutcheons  of  sheet  or  cast  brass,  tinned  or 
plated,  shall  be  used  on  all  pipes  which  cross  or  pass  through  floors, 
walls,  ceilings  or  partitions. 

Pipe  Supports.  —  Supports  for  iron  soil,  waste  and  vent  pipes 
shall  be  heavy  galvanized,  improved  pipe  hangers,  fastened  to  the 
wall  with  expansion  bolts  or  hung  from  iron  beams  by  means  of 
pipe  clamps. 

Brass  pipes  shall  be  supported  in  brass  pipe  hangers  or  pipe  hold- 
fasts. 

Pipe  supports  shall  be  secured  to  brick  and  stone  walls,  or  to 
marble  work,  by  expansion  bolts,  and  to  woodwork  by  large-size 
lag  screws. 

No  ordinary  soil-pipe  hooks  shall  be  used  for  fastening  or  sup- 
porting pipes. 

Vertical  lead  pipes  shall  be  supported  by  metal  tacks  screwed  to 
woodwork;  horizontal  lead  pipes  shall  be  continuously  supported 
on  boards  and  fastened  by  brass  straps  or  holdfasts,  and  not  with 
hooks  or  nails. 

Plated  Finish.  —  Plated  finish  shall  only  be  used  at  the  plumbing 
fixtures  of  office  toilet  rooms  and  in  the  bath  rooms  of  the  medical 
officers.  No  nickel-plated  finish  shall  be  used  in  the  patients' 
wards  or  in  the  working  departments  of  a  hospital  building. 

Steel,  Bronze,  or  Enamel-paint  Finish.  —  In  the  patients'  bath  and 
toilet  rooms,  likewise  in  those  for  attendants,  nurses  and  hospital 
employees  generally,  and  in  the  working  departments  of  the  hospital, 
the  finish  of  all  piping,  including  traps,  valves,  air  chambers,  sup- 
ports, legs,  etc.,  shall  be  either  bronzing  (silver,  gold  or  aluminum), 
enamel  painting,  or  else  a  dark  bronze  or  steel  finish  on  brass. 

Pipe  Covering.  —  Best-quality  approved  non-conducting  covering 
shall  be  put  on  all  hot-water  and  circulation  pipes  in  the  basements 
of  buildings.  The  same  covering  shall  be  used  on  cold-water  pipes 
wherever  they  are  run  in  exposed  places  and  liable  to  freeze.  Anti- 
sweat  covering  shall  be  used  on  pipe  lines  liable  to  drip  from  con- 
densation. 

Woodwork.  —  Exposed  woodwork  in  connection  with  plumbing 
work  shall  be  of  well-seasoned,  kiln-dried,  close-jointed,  cabinet- 
finished  woodwork. 

Water-closet  seats  shall  be  strongly  made  and  well  framed,  guar- 
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anteed  not  to  warp  or  crack  or  open  in  the  joints,  and  shall  have 
a  highly  polished  surface. 

Note.  —  Woodwork  shall  receive  proper  attention  by  keeping  it 
well  varnished  or  polished,  so  as  not  to  expose  the  grain  to  water. 

Marble.  —  Marble  shall  be  of  first-quality  pink  Tennessee,  gray 
Knoxville,  or  of  blue- veined  Italian  marble. 

All  marble  work  shall  be  sharply  molded  and  shall  be  well  fitted 
and  perfectly  set.  All  exposed  surfaces  and  edges  shall  be  well 
polished.     Marble  shall  be  free  from  stains  or  defects. 

Slate.  —  Slate  -used  in  connection  with  plumbing  shall  be  best- 
quality  hard  Vermont  or  Pennsylvania  slate,  of  homogeneous 
texture,  free  from  any  green  spots  or  other  defects,  and  shall  be  fin- 
ished by  rubbing  with  linseed  oil.  Thicknesses  shall  be  the  same  as 
for  marble. 

Alberene  Stone.  —  All  urinal  and  spray-bath  stalls  for  wards,  and 
slabs  or  drain  boards  for  kitchen  and  pantry  sinks,  shall  be  of  best- 
quality  Alberene  stonework.  Alberene  stone  shall  be  entirely  free 
from  white  veins  or  quarry  defects  of  any  kind.  Thicknesses  shall 
be  same  as  for  marble. 

Thickness  of  Marble,  Slate  or  Alberene  Stone. 

Wash-basin  slabs  up  to  2'  9^  in  length  shall  be  ij''  in  the  finish. 

Wash-basin  slabs  up  to  5'  in  length  shall  be  li''  in  the  finish. 

Wash-basin  slabs  longer  than  5  feet  shall  be  7."  in  the  finish. 

Backs  and  ends  for  basins  up  to  5'  shall  be  j''  in  the  finish. 

Backs  and  ends  for  basins  longer  than  5  feet  shall  be  i''  in  the  finish. 

Aprons  shall  be  Y. 

Narrow  floor  slabs,  under  watei^closets,  ij*. 

Wide,  countersunk  floor  slabs  for  water-closets,  i  J^. 

Platforms  for  urinals,  1^-2". 

Platforms  for  spray- bath  stall,  t!'-'^  according  to  pitch. 

Drain-boards,  iJ*-2*'  according  to  span. 

Partitions  against  walls,  i^. 

Free  partitions,  i\-\Y. 


See  under  Water  Supply. 


Fire  Standpipes. 

Fire  Valves. 

Fire  Hose. 

Lead  for  Calking. —  The  lead  used  in  calking  joints  of  cast-iron 
soil  pipes  shall  be  pure  soft  pig  or  bar  lead,  free  from  all  impurities. 

Workmanship  in  General.  —  All  work  shall  be  executed  in  a  thor- 
ough and  workmanlike  manner. 
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Joints.  —  Joints  in  cast-iron  pipes  and  fittings  shall  be  calked 
joints,  made  with  a  gasket  of  hemp,  or  oakum,  and  molten  lead. 
The  amount  of  lead  in  each  joint  shall  be  at  least  12  ounces  to  every 
inch  of  the  diameter  of  the  pipe.  All  joints  shall  be  calked  and  made 
perfectly  air  and  water  tight. 

Joints  between  iron  and  vitrified  pipe  shall  be  made  with  pure 
Portland  cement  mortar. 

Joints  of  wrought-iron  pipes  and  fittings  shall  be  screwed  joints, 
with  threads  of  standard  gauge.  All  cut  ends  of  pipe  shall  have  the 
burr  removed.  Screw  joints  shall  be  made  up  with  a  thick  paste  of 
white  and  red  lead  mixed. 

Joints  of  brass  pipes  and  fittings  shall  be  screw  joints.  The  pipe 
shall  be  screwed  up  to  the  shoulder  of  the  fitting  and  in  all  exposed 
or  plated  work  no  threads  must  show  beyond. 

No  slip  joints  or  coupling  joints  in  brass  pipes  shall  be  permitted. 
All  threads  on  brass  pipes  shall  be  the  same  as  iron-pipe  threads. 

Joints  in  lead  pipe  (whether  for  supply,  waste,  or  vent  pipes)  sh^U 
be  solder-wiped  joints. 

Joints  between  lead  pipe  and  wrought-iron  pipe  fittings  shall  be 
made  with  heavy  brass  soldering  nipples. 

Joints  between  lead  and  brass  pipes  shall  be  wiped  joints. 

Joints  between  lead  pipes  and  cast-iron  pipe  fittings  shall  be  made 
with  brass  ferrules;  the  ferrule  shall  be  calked  into  the  iron  fitting 
and  jointed  to  the  lead  pipe  by  a  solder-wiped  joint. 

Joints  between  brass  traps  and  brass  pipes  shall  be  screwed  joints. 

Coupling  joints  on  supply  and  flush  pipes  shall  be  made  with 
ground- joint  couplings. 

Iron  and  brass  supply  pipes  shall  be  put  together  with  a  number 
of  ground- joint  brass  unions,  or  other  specially  made  fittings,  so  that 
they  may  be  easily  taken  apart  for  alterations  or  repairs. 

Pipe  Supports.  —  Drain  pipes  above  the  basement  or  cellar  floor 
shall  be  supported  by  brick  piers  not  more  than  ten  feet  apart. 

Drain  pipes  and  their  branches  when  hung  from  ceilings  shall  be 
carried  in  improved  pipe  hangers. 

Vertical  pipe  lines  shall  be  supported  and  held  in  place  by  pipe 
supports  specified. 

Horizontal  wrought-iron  pipes  shall  be  supported  in  improved 
pipe  hangers. 


PLUMBING   OF  MODERN   CITY  BmLDINGS.  367 

Vertical  lead  pipes  shall  be  supported  with  ornamental  metal  tacks, 
placed  not  more  than  three  feet  apart,  and  screwed  to  the  woodwork. 

Horizontal  lead  pipes  shall  be  firmly  supported  throughout  their 
entire  length  on  pipe  boards,  and  be  held  in  place  by  brass  straps. 
Lead  pipes  shall  not  be  fastened  with  iron  hooks. 

Manner  of  Rtuining  Pipes.  —  Horizontal  drain  and  waste  pipes 
shall  be  carried  with  a  minimum  fall  of  i  inch  per  foot  for  pipes 
4  inches  and  smaller;  pipes  larger  than  4  inches  shall  have  a  fall  of 
at  least  {  inch  per  foot. 

Drain  pipes  run  under  cellar  floors  shall  be  provided  with  an 
ample  number  of  brass  cleaning  screws  brought  up  to  the  cellar  level 
or  enclosed  in  brick  pits  with  iron  frames  and  covers.  After  testing, 
the  rest  of  the  iron  pipe  shall  be  covered  up  with  cement. 

Wherever  iron  or  lead  pipes  come  in  contact  with  cement,  they 
shall  be  protected  with  an  approved  coating  of  paint. 

Drain  lines  shall  be  laid  true  to  grade  and  alignment. 

Changes  in  direction  shall  be  made  with  curved  fittings  or  bends 
having  a  long  sweep  or  with  Y  branches  and  i  bends.  All  junctions 
shall  be  made  with  Y  branches.  The  so-called  T-Y  branches 
shall  be  used  on  vertical  lines  only. 

All  vertical  soil-,  waste-,  and  vent-pipe  stacks  shall  be  arranged 
as  direct  and  straight  as  possible.  They  shall  stand  free  from,  but 
close  to,  walls.  All  vertical  lines  of  supply  pipes  shall  be  carried 
straight  and  plumb  at  an  even  distance  from  the  walls. 

Traps.  —  All  traps  shall  be  set  perfectly  true  and  level.  No  fixture 
shall  have  more  than  one  trap.  The  trapped  waste  from  a  fixture 
shall  not  connect  with  the  inlet  or  house  side  of  the  trap  of  an  ad- 
joining fixture.  All  fixture  traps  shall  be  provided  with  brass- 
cleaning  screws  or  caps.  Main-drain  traps  shall  be  kept  accessible, 
and,  if  necessarily  placed  in  brick  manholes  with  iron  frames  and 
covers,  such  traps  shall  have  inspection  hand-holes  and  be  provided 
with  fresh-air  inlets. 

Roof  Joints.  —  Where  plumbers'  pipes  pass  through  the  roof, 
water-tight  roof  joints  shall  be  made  around  the  pipes  by  means  of 
heavy  sheet-copper  or  sheet-lead  flashings  with  funnels  slipped  over 
the  pipes. 

Floor  Joints  of  Water-Closets  and  Slop-Sinks. — Floor  joints  of 
earthenware  water-closets  having  the  trap  above  the  floor  and  of 
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slop-sink  trap  standards  shall  be  made  with  brass  floor  plates.  The 
lead  bends  connecting  the  outlets  of  the  fixtures  with  the  soil  pipe 
shall  be  securely  soldered  to  the  brass  floor  plates,  and  the  fixtures 
shall  be  firmly  set  on  the  plates,  and  a  plastic  composition  used  to 
tighten  the  joint  (no  rubber  washers  for  floor  joints  shall  be  per- 
mitted). 

Floor  and  Ceiling  Joints.  —  Wherever  plumbers'  pipes  pass 
through  floors  and  ceilings,  or  through  walls  and  partitions,  the 
holes  and  air  channels  shall  be  properly  closed  and  the  pipes  pro- 
vided with  escutcheons. 

Strainers.  —  All  waste  pipes  for  fixtures  other  than  water-closets 
shall  be  provided  at  their  outlets  with  strong  metallic  strainers. 

Arrangement  of  Drainage  System. — House  Sewers. — House 
drains"  shall  connect  with  the  lateral  sewers  at  a  point  five  feet  out- 
side of  the  front  wall  of  building.  Where  the  drain  passes  through 
the  wall  a  relieving  arch  shall  be  built  over  it  to  prevent  breakage 
in  case  of  settlement. 

Underground  house  drains  with  their  branches  shall  be  of  extra- 
heavy  cast  iron.  House  drains  above  ground  shall  be  either  of 
extra-heavy  cast  iron,  or  galvanized  wrought  iron,  or  steel. 

Wherever  possible,  house  drains  shall  be  located  above  the  cellar 
floor. 

The  minimum  inclination  shall  be  J  inch  per  foot;  .but  pipes 
4  inches  and  smaller  shall  have  a  greater  fall,  where  obtainable. 

A  number  of  clean-outs  shall  be  provided  at  traps,  bends,  junc- 
tions, etc. 

The  size  of  the  main  house  drain  shall  be  five  or  six  inches,  accord- 
ing to  the  number  of  fixtures  connected  with  it.  Where  the  house 
sewer  carries  rain  water  from  the  roof,  the  size  of  the  house  sewer 
and  house  drain  shall  be  in  accordance  with  the  following  table: 


Diameter. 

Fall,  1  inch  per  foot. 

Fall,  1  inch  per  foot. 

5  in. 

6  " 

7  " 

8  " 

9  " 

Area  drained. 
3,ooo  sq.  ft. 
5,000  "  " 
6,900  "  " 
9,100  "    " 

11,600  "    " 

Area  drained. 

4,500  sq.ft.    . 

7,500  "  " 
10,300  "  " 
13.600  "  " 
17,400"     " 
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House  Trap  and  Fresh-air  Inlet.  —  The  house  sewer  of  each  build- 
ing shall  have  a  main-drain  trap  near  the  point  where  the  house  drain 
passes  through  the  foundation  walls.  The  trap  may  be  placed  inside 
of  the  cellar  or  else  outside  of  the  building,  when  it  should  be  made 
accessible  by  a  brick  manhole.  Each  trap  shall  have  a  fresh-air  inlet 
not  less  than  four  inches  in  diameter.  It  shall  be  extended  to  a 
point  out  of  doors,  located  at  least  fifteen  feet  from  a  window  or  cold- 
air  box. 

The  fresh-air  inlet  shall  terminate  at  a  height  of  about  eighteen 
inches  above  finished  grade  and  shall  be  protected  against  obstruc- 
tion by  a  brass  strainer  or  other  suitable  vent  cap. 

Alternative  Arrangement.  —  Where  the  main  sewers  are  venti- 
lated through  the  soil  pipes  the  main-drain  traps  may  be  omitted 
and  likewise  their  fresh-air  inlets. 

Spil  and  Waste  Pipes.  —  Soil  and  waste  pipes  shall  be  of  extra- 
heavy  cast  iron,  or  of  galvanized  wrought  iron  or  steel. 

Soil  and  waste  pipes  shall  always  be  extended  the  full  size  up  to 
the  roof,  and  terminate  at  least  two  feet  above  it.  All  pipes  smaller 
than  four  inches  shall  be  enlarged  from  a  point  below  the  roof  by  a 
suitable  increaser. 

All  soil  and  waste  pipes  shall  be  carried  vertically  upward  as 
straight  as  possible.  Necessary  offsets  on  the  vent  extensions  shall 
be  made  at  an  angle  of  at  least  45  degrees  to  the  horizontal. 

Pipe  extensions  above  the  roof  shall  be  left  fully  open  and  shall 
not  be  capped  with  either  cowls,  return  bends  or  ventilating  caps. 

Pipes  coming  through  extension  roofs  or  located  below  dormer 
windows  shall  be  carried  up  to  the  higher  roof  whenever  they  other- 
wise open  within  a  distance  of  twenty-five  feet  from  a  window. 

Soil  and  waste  pipes  shall  have  proper  fittings  or  branches  for 
the  fixture  connections.  The  short  T-Y  branches  may  be  used  on 
vertical  lines. 

Fittings,  which  shall  not  be  used,  are  the  short  quarter  bends, 
double  hubs,  the  common  offset  fittings  and  bands  and  saddles. 

Size  of  Soil  and  Waste  Pipes.  —  The  diameters  of  soil  and  waste 
pipes  shall  be  as  follows: 

Soil  pipes  for  ward  water-closets,  5  inches. 

All  other  soil  pipes,  4  inches. 

Main  waste  pipes,  2  -and  3  inches  in  diameter. 
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Vent  Pipes.  —  All  vertical  lines  of  vent  pipes  shall  be  of  galvan- 
ized wrought  iron  or  steel. 

They  shall  be  increased  in  diameter  at  the  roof,  if  smaller  than 
four  inches.  All  vent  pipes  shall  be  extended  above  roofs  the  same 
as  the  waste  pipes. 

All  oflFsets  on  vent-pipe  lines  shall  be  made  under  45  degrees  to  the 
horizontal.  All  vent  lines  shall  be  dripped  at  the  bottom  by  con- 
nection with  the  soil  or  waste  pipe  or  the  drain  to  prevent  rust 
accumulation. 

The  sizes  of  vent-pipe  lines  shall  be  as  follows: 

For  water-closets,  3  inches;  for  other  fixtures,  2  inches. 

Branch  Waste  Pipes.  —  Short-branch  waste  pipes  may  be  of  heavy 
lead;  long  lateral  pipes  shall  be  of  extra-heavy  cast  iron  or  of  galvan- 
ized wrought  iron.  Exposed  branches  at  fixtures  may  be  of  brass 
pipe. 

The  sizes  of  branch  waste  pipes  shall  be  as  follows: 

For  each  water-closet  4  inches. 

For  each  slop-sink  3  inches. 

For  each  urinal  2  inches. 

For  each  spray  bath  3  inches. 

For  each  portable  bath  3  inches. 

For  bath  tubs  2  inches. 

For  kitchen,  pantry  and  scullery  sinks  2  inches. 

For  laundry  tubs  2  inches. 

For  wash  basins  ij  inches. 

Note.  —  Where  branch  wastes  receive  a  number  of  fixtures,  their 
sizes  shall  be  increased  in  proportion  to  these. 

Branch  Vent  Pipes.  —  Branch  vent  pipes  when  used  shall  be  of 
the  following  sizes: 

For  each  water-closet  and  slop-sink  2  inches;  for  other  fixtures 
I J  inches. 

Rote.  —  Where  branch  vent  pipes  serve  for  a  number  of  fixtures, 
their  sizes  shall  be  increased  in  proportion  to  the  number. 

Branch  vent  pipes  shall  be  connected  with  the  vertical  vent  line 
at 'a  point  above  the  overflow  of  all  connecting  fixtures. 

No  soil  or. vent  pipe  shall  be  run  into  or  terminate  in  any  hot  or 
cold  flue  or  brick  vent  shaft. 
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No  soil,  waste  or  vent  pipe  shall  be  used  to  carry  roof  water.  No 
rain-water  pipe  shall  be  used  as  a  soil  or  waste  pipe. 

No  trap  shall  be  placed  at  the  foot  of  any  vertical  line  of  soil  or 
waste  pipe. 

Traps.  —  Each  fixture  shall  be  separately  trapped. 

Masons'  or  cesspool  traps,  bell  traps,  pot,  bottle  or  drum  traps, 
and  D  traps,  are  not  permitted.  Traps  depending  upon  interior 
partitions  of  metal  for  a  seal  shall  not  be  used. 

Venting  of  Traps.  —  Wherever  the  traps  under  fixtures  are  of  the 
S  shape  and  have  the  ordinary  water  seal  oi  i^  inches  in  depth 
they  shall  be  protected  against  siphonage  by  vent  pipes  of  sizes 
specified. 

Alternative  Arrangement.  —  Instead  of  back-aired  traps,  non- 
siphoning  traps  may  be  used  under  basins,  tubs  and  sinks. 

For  slop-sinks  and  water-closets,  traps  with  an  extra  depth  of 
seal  may  be  used. 

Wherever  non-siphoning  traps  are  used,  back-air  pipes  shall  be 
omitted,  except  where  the  length  of  the  branch  waste  pipe  exceeds 
five  feet  before  entering  the  vented  line.  Each  fixture  shall  have  a 
direct  and  separate  connection  with  the  vertical  waste  or  soil  line, 
or  with  a  vented  horizontal  branch  drain. 

Sizes  of  Traps.  —  The  sizes  of  traps  for  fixtures  shall  be  as  follows: 

Traps  for  water-closets  3^4  inches. 

Traps  for  slop-sinks  3  inches. 

Traps  for  kitchen  and  scullery  sinks  2  inches. 

Traps  for  washtubs  2  inches. 

Traps  for  urinals  2  inches. 

Traps  for  wash  basins  and  pantry  sinks  i^^  inches. 

Safe  Wastes.  —  Safe  wastes  from  the  tiled  floors  under  fixtures  are 
not  recommended.  Where  used  they  shall  be  of  galvanized  screw- 
jointed  wrought  iron  pipe,  not  less  than  i  J  inches  in  diameter,  with 
branches  i  inch  in  diameter  to  the  strainers  of  the  floor  outlets. 

Such  safe  waste  pipes  shall  not  be  connected  with  soil,  waste  or 
drain  pipes,  nor  wfth  traps  or  fixtures  located  under  the  floor. 
They  shall  discharge  over  a  well-trapped  and  water-supplied  sink  in 
the  basement,  or  else  they  must  stop  at  the  cellar  ceiling,  and  shall  be 
provided  with  a  hinged  brass  flap  valve. 
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Refrigerator  Wastes.  —  Refrigerator  waste  pipes  shall  not  con- 
nect with  a  drain,  soil  or  waste  pipe;  neither  shall  they  be  per- 
mitted to  discharge  on  to  the  cellar  floor.  They  shall  be  carried  to 
a  water-supplied,  well-trapped  sink.  (Alternative  arrangement: 
they  may  discharge  over  a  portable  pan.) 

Refrigerator  waste  lines  shall  be  provided  with  a  number  of 
clean-outs  for  the  removal  of  stoppages. 

The  mouth  of  the  refrigerator  waste  pipe  at  the  sink  shall  have  a 
brass  flap  valve. 

Floor  Drain  Pipes.  —  Tiled  floors  of  bath  and  toilet  rooms  in 
hospital  wards,  also  tiled  floors  in  the  kitchen,  pantry,  sculleries 
and  laundries,  may  be  provided  with  floor  drains.  Where  the  rain- 
water pipe  system  is  separate  from  the  soil-pipe  system,  the  floor 
drain  shall  connect  with  the  rain-water  system,  provided  the  rain 
water  is  not  collected  and  stored  for  use. 

Tiled  floors  in  kitchens,  sculleries,  pantries  and  laundries  may 
have  open  strainers  of  brass.  Floor  drains  of  toilet  and  bath  rooms 
shall  have  closed  brass  floor  cesspools  arranged  with  gate  valve, 
and  the  outlet  shall  be  trapped  with  traps  with  permanent  water 
seal. 

Steam  and  Exhaust  Drip  Pipes.  —  Steam  exhaust  or  drip  pipes, 
also  boiler-blow-off  pipes,  shall  not  be  connected  directly  with  any 
part  of  the  plumbing  system. 

They  may  discharge  over  a  well-trapped,  water-supplied  sink,  like 
the  safe  wastes,  or  they  may  discharge  into  a  condensing  tank  with 
trapped  outlet  to  a  sewer. 

Leaders.  —  Leaders  or  roof  conductors  may  be  run  either  on  the 
outside  or  else  on  the  inside  of  the  buildings.  It  is  recommended 
to  provide  a  separate  system  of  drain  pipes  for  all  roof-water  pipes. 
The  same  shall  have  a  separate  outfall,  or  be  connected  with  the 
sewer  system  (see  under  Sewerage),  or  they  may  discharge  into  a 
rain-water  cistern  (see  Water  Supply). 

Outside  leaders  shall  be  of  sheet  metal  and  be  trapped  whenever 
the  leader  pipes  connect  with  the  hospital  sewers.  All  leader  traps 
shall  be  located  where  they  will  not  freeze. 

Inside  leaders  shall  be  of  extra  heavy  cast  iron  or  else  of  galvanized 
wrought  iron  or  steel.  The  roof  connections  shall  be  made  gas  and 
water  tight  by  the  use  of  copper  ferrules.     Inside  leaders  shall  be 


PLUMBING   OF  MODERN   CITY  BUILDINGS.  373 

trapped  whenever  they  open  at  the  roof  near  dormer  windows, 
chimney  flues  or  ventilating  shafts. 

Fixtures. — Water-Closets. — Pan,  valve,  plunger  closets  and 
those  hopper  closets  which  have  a  whirl  flush  shall  not  be  used. 
Latrines  and  trough  closets  are  also  prohibited. 

Water-closets  for  hospitals  shall  be  of  three  kinds,  namely: 

(a)  Water-closets  for  offices,  toilet  rooms  of  the  medical  staff,  and 
for  administration  buildings  and  superintendents'  residences. 

(6)  Water-closets  for  nurses,  attendants,  and  for  hospital  em- 
ployees. 

(c)  Water-closets  for  patients. 

All  water-closets  shall  be  provided  with  earthenware  flushing  rims. 
The  closet  bowls  shall  be  of  plain  earthenware,  or  better  of  vitreous 
ware,  warranted  not  to  craze.  The  earthenware  shall  not  have 
any  embossing  or  decoration.  All  water-closets  shall  be  flushed 
from  special  cisterns. 

Iron  water-closet  cisterns  shall  not  be  used,  because  they  stain  the 
bowls,  and  also  because  such  tanks  condense  vapor  in  summer 
time  and  drip.  All  cisterns  shall  be  of  copper-lined  wood.  The 
outSde  of  the  tanks  shall  be  polished  and  cabinet-finished,  for 
water-closets  suitable  for  classes  (a)  and  (6). 

Cisterns  for  ward  closets  (c)  shall  be  of  plain  white  wood  with 
round  corners,  and  shall  be  painted.  Cisterns  shall  not  have  any 
ornamentation,  paneling,  molding  or  nickel-plated  trimmings. 

The  overflow  pipe  from  cisterns  shall  not  be  connected  to  a  soil 
or  waste  pipe.  It  may  discharge  into  the  water-closet  bowl  or  con- 
nect into  the  flush  pipe. 

Suitable  types  for  water-closets  for  class  (a)  are  the  siphon  jet  and 
siphon  closets,  and  the  flushing-rim  pedestal  washdown  closets. 
Washout-closets  are  not  recommended. 

The  flushing  for  these  closets  shall  be  accomplished  by  means  of 
chain  and  pull;  the  cisterns  shall  be  provided  preferably  with  a  slow- 
closing  valve,  or  else  they  shall  be  siphon  cisterns.  Plain  valve 
cisterns,  in  which  the  pull  must  be  held,  may  also  be  used. 

Suitable  types  for  water-closets  for  class  (b)  are  the  improved 
flushing-rim  short  hoppers  and  the  improved  pedestal  washdown 
closets;    The  flush  shall  be  either  by  chain  and  pull,  or  automatic 
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by  means  of  self-emptying  tanks,  discharging  at  regular  intervals, 
or  a  combination  pull  and  automatic  tank  may  be  used. 

Suitable  fixtures  for  ward  or  patients'  closets  (c)  are  the  flushing- 
rim  long  hopper  and  the  improved  washdown  closets. 

To  prevent  damage  by  breakage,  ward  water-closets  should 
be  made  of  extra-strong  or  double-thick  earthenware,  glazed  fire 
clay,  or  of  enameled  iron.  The  flushing  should  be  accomplished 
by  intermittent  automatic  tanks  or  by  seat  or  door  action.  For 
convalescent  wards,  closets  may  have  a  chain-and-puU  flush. 
Combination  flushing  tanks,  having  both  the  chain-and-puU, 
and  also  an  automatic  action,  are  recommended.  A  modified 
type  of  closet  for  patients  is  the  long  flushing-rim  hopper  closet 
with  seat-action  flush  derived  from  a  closed  boiler-iron  flushing 
tank. 

The  seats  for  closets  of  class  (a)  shall  be  of  polished  cabinet- 
finished  hard  wood,  cherry  or  light  quartered  oak  preferred.  Seats 
for  closets  of  class  (b)  may  be  of  a  cheaper  kind,  such  as  white-pine 
seats  with  oil  finish  or  varnish.  The  same  kind  of  seats  shall  be 
used  for  closets  for  class  (c)  except  that  in  wards  for  disturbed  or 
filthy  insane  patients  the  closets  shall  be  of  a  type  without  wooden 
seat,  the  top  of  the  bowl  being  formed  of  solid  earthenware  or  j#rce- 
lain  to  answer  as  a  seat. 

Urinals.  —  Urinal  fixtures  suitable  for  hospital  use  are  the  glazed 
earthenware  bowls  with  or  without  lip,  the  latter  preferred.  The 
form  of  fixture  having  the  porcelain  trap  attached  and  made  in  one 
piece  with  the  bowl  is  recommended.  Stalls  for  urinals  shall  be  of 
non-absorbent  materials,  such  as  slate,  alberene  stone,  or  of  ham- 
mered glass.  Marble  stalls  shall  be  used  for  fixtures  in  administra- 
tion building  only. 

The  platforms  of  stalls  shall  not  be  provided  with  drip  or  waste 
pipe.     (They  should  be  mopped  up  every  day.) 

Urinals  shall  always  be  flushed  from  flushing  tanks. 

Slow-closing  or  compression  urinal  cocks  should  not  be  used.  In 
toilet  rooms  of  the  administration  building  and  for  hospital  em- 
ployees, the  flushing  cistern  may  be  operated  by  chain  and  pull. 
For  urinals  for  male  patients  in  wards,  the  flushing  shall*  be  by  an 
automatic  tank. 

The  width  of  the  stalls  shall  not  be  less  than  2'  6",  and  the  urinal 
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bowl  shall  be  set  at  a  height  not  exceeding  22  inches  from  the  floor 
level  to  the  top  of  the  lip  of  the  bowl. 

Slop-Sinks.  —  Slop-sinks  for  hospitals  for  insane  shall  be  very 
strong  and  durable  fixtures,  of  galvanized  or  enameled  iron,  or  of 
white  or  yellow  glazed  fire  clay.  Slop-sinks  for  dormitory  toilet 
rooms  shall  always  be  provided  with  flushing-rim  and  o\«erhead 
flushing  cistern.     The  form  of  sink,  known  as  the  "clinical"  slop- 


FiG.  194.    View  of  Clinical  Slop-Sink  and  Washtub  for  Surgical  Room. 


sink,  which  has  in  addition  to  the  flushing  rim  an  upward  jet  ar- 
rangement for  washing  bed  pans,  etc.,  is  recommended.  (Figs.  193 
and  194.) 

Hot-  and  cold-water  faucets  shall  be  provided,  and  the  hot-water 
faucet  shall  have  a  detachable  handle.  The  flushing  cisterns  shall 
be  finished  the  same  as  specified  for  ward  water-closets  and  shall  be 
arranged  with  chain-and-puU  flush  or  else  with  combination  of  pull 
and  automatic  flush* 
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Attendants'  slop-sinks  for  drawing  water  shall  be  roll-rim  porce- 
lain sinks,  with  porcelain  or  slate  back,  and  with  metal  guard  in 
front  to  prevent  damage  to  the  glazed  rim.    They  do  not  require 
to  be  provided  with  flushing  rim  and  flushing  cistern. 
Baths.  —  Baths  for  hospitals  shall  be  of  three  different  types,  viz. : 
(i)    Bath  tubs  for  hospital  staff,  nurses,  attendants  and  employees. 

(2)  Bath  tubs  for  patients:  (a)  set;  (b)  portable. 

(3)  Spray  baths  for  insane  patients. 

The  special  medical  and  hydro-therapeutic  baths,  also  the  per- 
manent water  baths  for  general  hospitals,  are  omitted  from  con- 
sideration here.  In  recent  years  permanent  water  baths  are  also 
provided  in  European  hospitals  for  insane  as  a  special  method  of 
treatment  for  disturbed  and  restless  patients. 

Bath  Tubs  for  the  Hospital  Staff.  —  These  bath  tubs  shall  be 
of  enameled-iron  with  roll-rim^  set  either  on  cast-iron  legs,  or  on 
enameled-iron  block  supports,  or  on  a  base,  which  may  be  integral 
with  the  tub. 

Each  bath  tub  shall  be  supplied  with  hot  and  cold  water  and  shall 
also  be  provided  with  an  overhead  inclined  douche  and  hand  spray. 
Curtain  rods  with  either  white-rubber  or  cotton-duck  curtains  shall 
be  arranged  for  each  tub,  and  they  shall  drop  into  the  tub  about  six 
inches,  to  prevent  the  splashing  over  of  water  when  the  spray  is  used. 
The  curtain  holder  shall  be  approximately  of  the  shape  of  the  tub 
and  shall  be  placed  at  a  height  of  six  feet  above  the  tub,  either  sus- 
pended at  the  ceiling,  or  fastened  to  the  walls.  Each  hand  spray  shall 
be  provided  with  six  feet  of  pure  Para  rubber  hose.  Each  tub  shall 
also  be  provided  with  a  suitable  bath-tub  seat. 

Patients'  Bath  Tubs.  —The  "set"  tubs  shall  be  of  solid  porcelain 
ware  or  of  yellow  "Colonial"  ware.  The  tubs  shall  be  set  so  as  to 
stand  entirely  free  from  the  walls  to  enable  the  attendants  to  pass 
all  around  them.  The  supply  arrangements  shall  be  similar  to  those 
for  the  hospital  staff,  but  it  is  advisable  to  have  key  valves  accessible 
only  to  the  attendants.  A  combination  nozzle  suitable  for  attaching 
a  rubber  hose  and  hand  spray  is  recommended. 

The  "portable"  tubs  shall  be  provided  for  each  of  the  wards,  and 
shall  consist  of  enameled-iron,  or  steel-clad  or  nickel-steel  tubs,  set 
on  wheels.  The  tubs  shall  have  a  large  waste  outlet  with  gate  valve. 
Hot-  and  cold-water  supplies  for  filling  the  portable  tubs  shall  be 
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Fig.  195.     View  of  Portable  Bath  Tub  on  Wheels. 


Fig.  196.    View  of  Portable  Bath  Tub,  Showing  Combination  Supply  to  fill  Tub. 


arranged  and  shall  be  extra  large  to  save  time  in  filling  tubs.  (Figs. 
195  and  196.) 

Spray  Baths  for  Insane  Patients.  —  The  baths  for  insane  patients 
shall  be  spray  or  rain  baths,  with  inclined  overhead  spray  and  with 
hand  sprays.  Bath  tubs  for  the  bathing  of  patients  shall  not  be 
installed. 

The  spray  or  rain  baths  shall  be  arranged  either  in  a  congregate 
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bath  room,  or  else  individual  spray  baths  may  be  fitted  up  for  each 
ward. 

The  arrangements  for  mixing  the  hot  and  cold  water  shall  be  such 
that  patients  cannot  possibly  be  scalded.  Spray  baths  may  be  pro- 
vided where  feasible  w^ith  approved  hot-water  thermometer,  which 
must  be  protected  against  damage  or  breakage  by  a  strong  plate- 
glass  front  or  by  a  brass-wire  cage. 

Stalls  for  spray  baths  for  patients  and  attendants  shall  be  of 
slate,  Alberene  stone  or  hammered  glass.  Spray  baths,  if  installed 
for  officers'  use,  shall  have  marble  stalls. 

For  the  treatment  of  the  insane,  permanent  water  baths,  of  special 
construction,  may  be  provided,  at  least  three  or  four  for  the  wards  for 
disturbed  patients.  These  sometimes  consist  of  extra  large  copper 
or  nickel-steel  tubs,  and  sometimes  of  tile-lined  masonry  tubs. 

Lavatories.  —  The  lavatories  for  hospital  buildings  shall  be  of  four 
kinds,  namely; 

(a)  Lavatories  for  administration  buildings,  toilet  rooms  and 
bath  rooms  of  the  medical  staff  and  dispensary; 

(b)  Lavatories  for  attendants,  nurses  and  employees; 

(c)  Lavatories  for  patients'  wards; 

(d)  Lavatories  for  surgeons'  operating  rooms. 

Lavatories  of  class  (a)  shall  be  oval  earthenware  bowls,  with 
standing  overflow  or  with  improved  waste  valve,  or  else  chain  and 
plug  bowls.  The  slabs  shall  be  of  marble,  set  on  brackets  or  on 
straight  or  oflfset  legs,  with  or  without  aprons.  The  basins  shall  have 
marble  backs  and  ends.  Lavatories  of  solid  porcelain  ware  may  be 
used  in  place  of  marble  lavatories.  Lavatories  shall  be  supplied 
with  hot  and  cold  water  by  either  single  or  preferably  combination 
supply  fixtures. 

Wash  basins  of  class  {b)  shall  be  similar  to  those  of  class  (a),  but 
of  plainer  style  and  outfit,  or  else  Imperial  porcelain  white  or  yellow 
fire-clay  basins,  J:he  basin  and  slab  molded  in  one  piece  (Fig.  197). 
The  basins  shall  be  supplied  with  hot  and  cold  water  through  single 
or  combination  compression  or  spring  faucets. 

Wash  basins  for  patients'  lavatories  (c)  shall  be  either  of  enameled 
iron,  of  galvanized  iron  or  of  glazed  earthenware.  The  bowls  shall 
be  plain  bowls  with  chain  and  plug  waste,  and  overflow  pipe,  or  else 
with  a  gate  valve  on  the  waste  pipe  in  place  of  plug.    In  wards  for 
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Fig.  197.    View  of  Ward  Lavatories. 
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convalescent  patients  fire-clay  basins  may  be  used.  All  basins  shall 
be  supplied  with  hot  and  cold  water  through  approved  types  of 
faucets;  the  hot  water  shall  always  have  a  detachable  key  handle; 
combination  faucets  may  also  be  used. 

•  Wash  basins  for  operating  rooms  (d)  shall  be  of  glazed  white  fire 
clay,  the  slab  and  bowl  molded  in  one  piece,  or  else  of  annealed  glass, 
the  slab  and  the  bowl  being  both  of  glass,  but  in  separate  pieces  (Figs. 
198,  199  and  200).  ^  Such  basins  shall  always  have  hot  and  cold  sup- 
plies, and  shall  preferably  be  supplied  through  a  single  spout  or 
nozzle  discharging  either  hot  or  cold  or  mixed  water.  The  valves 
on  the  hot  and  cold  supplies  may  be  operated  by  foot  or  pedal  action, 
or  else  by  knee  action. 

Kitchen,  Pantry,  Scullery  and  Laboratory  Sinks.  —  Kitchen,  pan- 
try and  scullery  sinks  for  hospitals  shall  be  either  of  plain  or  of 
galvanized  cast  iron,  or  else  of  strong  glazed  earthenware.  Wooden 
sinks  shall  be  prohibited.  Copper  and  enameled  sheet  iron  sinks 
may  be  permitted  for  pantries  of  administration  buildings,  and  for 
superintendents'  residences  (Fig.  201). 

The  sinks  shall  be  provided  with  drain  boards,  which  may  be 
improved  wooden  drain  boards,  hinged  at  the  end  or  side,  or  else 
Alberene  stone  (Fig.  202),  or  slate  drain  boards,  supported  on  gal- 
vanized frames;  marble  drain  boards  shall  not  be  permitted. 

Chemical  tables  have  sometimes  porcelain  semicircular  sinks,  as 
shown  in  Fig.  203,  to  receive  the  waste  water. 

Grease  Traps.  —  Dish-washing  sinks  shall  be  provided  with  grease 
traps.  Grease  traps  shall  be  preferably  set  outside  of  the  building. 
If  attached  to  the  sink,  they  shall  be  so  arranged  that  they  can  be 
readily  cleaned. 

Laundry  Tubs.  —  Wooden  laundry  tubs  shall  be  prohibited. 
Cement  or  artificial  stone  tubs  are  not  recommended.  Washtubs 
may  be  either  of  slate,  of  Alberene  stone  or  of  glazed  porcelain  ware, 
the  latter  to  be  either  white,  yellow  or  brown  in  color. 

In  a  set  of  tubs  up  to  three,  each  tub  shall  be  provided  with  a 
separate  trap.  For  a  larger  number  of  tubs,  each  two  tubs  may  have 
one  trap,  but  sometimes  each  tub  is  trapped  separately  (Fig.  204). 

Steam  pipes  for  boiling  clothes  in  glazed  earthenware  tubs  are 
not  recommended.     Copper  wash  boilers  are  preferable. 

Laundry  tubs  shall  not  have  any  wooden  frames  or  tops. 
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Fig.  200.     View  of  Glass  Lavatory  and  Sink  for  Operating  Room. 


Fig.  201.     View  of  a  Hospital  Pantry. 
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Fig.  202.     View  of  Laboratory  Sink  with  Alberene  Stone  Table. 


385  Fig.  203.     View  in  Physiological  Laboratory,  Showing  Tables  with 

Semi-circular  Sinks. 
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Fig.  204.     Arrangement  of  Washtubs  in  a  Hospital  Laundry. 


House  Tanks,  Hot- Water  Tanks  and  Fire  Stand  Pipes,  see  under 
Water  Supply. 

Ntunber  of  Fixtures.  —  Provide  one  ward  water-closet  to  each  10 
to  15  patients. 

Provide  one  employees'  closet  to  each  15  persons. 

Provide  one  slop-sink  for  each  ward. 

Provide  one  spray  bath  to  each  25  to  40  patients. 

Provide  one  hospital  tub  on  wheels  for  each  ward. 

Provide  one  or  two  set  bath  tubs  for  each  ward. 

Provide  one  wash  basin  to  each  5  or  10  patients,  and  one  lavatory 
to  each  10  or  15  employees. 

Sinks.  —  The  number  of  sinks  in  kitchen,  scullery  and  pantry 
depends  upon  the  size  of  the  kitchen  and  the  number  of  people  to  be 
provided  for  by  same. 

Laundry  Tubs. —  The  number  of  laundry  tubs  for  hospital  laun- 
dry building  depends  upon  the  size  of  the  building  and  the  number 
of  patients  and  employees  for  whom  washing  is  to  be  done. 

Arrangement  of  Fixtures.  —  All  plumbing  fixtures  shall  be  ar- 
ranged entirely  in  an  open  manner  without  any  enclosing  wood- 
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work;  all  parts  of  each  fixture  shall  be  kept  fully  exposed  to  view 
and  accessible  for  cleaning,  inspection  and  repairs. 

Open  plumbing  work  does  not  necessarily  involve  the  use  of 
nickel-plated  piping.  The  latter  shall  be  permitted  only  for  fixtures 
in  the  administration  buildings,  in  bath  rooms  for  the  medical  staff, 
and  in  the  better  toilet  rooms.  Plumbing  work  for  patients  and 
also  for  attendants  and  employees  shall  be  of  a  plain  character,  dur- 
able and  substantial;  the  exposed  piping  shall  be  of  roughened 
brass  finish  or  of  galvanized  iron,  which  may  be  finished  neatly  by 
painting  with  enamel  or  other  paint,  or  by  bronzing  with  gold, 
silver  or  aluminum  bronze.  For  patients'  and  attendants'  fixtures, 
lead  piping  of  any  kind  shall  be  avoided,  whether  exposed  or 
covered  up. 

Arrangement  of  Rooms  Containing  Plumbing  Work.  —  Floors, 
walls  and  ceilings  of  lavatories,  bath  rooms,  toilet  rooms,  kitchens, 
pantries  and  laundries  shall  consist,  as  much  as  possible,  of  non- 
absorbent  materials. 

Floors  shall  consist  of  iron  beams  and  brick  arches,  covered  with 
concrete  and  finished  either  in  asphalt  or  in  marble  mosaic  tiling, 
or  else  in  vitrified  tiles.  Narrow  marble  floor  slabs  under  fixtures 
are  recommended,  particularly  for  water-closets  and  slop-sinks. 

Walls  shall  be  lined  with  glazed  brick  or  glazed  tiles  to  a  height 
of  about  six  feet.  Walls  may  also  be  lined  with  marble,  slate  or 
Alberene  stone  slabs  or  with  tiles. 

A  cheaper  finish  consists  of  hard  plaster,  like  rock  plaster,  or 
Adamant  plaster,  finished  with  enamel  paint.  The  walls  shall  have 
a  base  of  glazed  tiles,  or  of  slate  or  marble,  or  of  Portland  cement. 
The  corner  between  the  wall  and  the  floor  shall  be  always  well 
rounded.  Marble  wall  lining  in  large  pieces  shall  not  be  used  for 
ward  toilet  rooms.  It  shall  be  employed  for  toilet  rooms  of  the 
administration  building  only,  also  for  the  large  operating  rooms 
(see  Figs.  205  and  206). 

Ceilings  shall  be  either  arched  over  with  brick  arches,  or  made  of 
flat  sheet  metal,  and  painted  in  enamel  paint. 

Partitions  between  water-closets  shall  be  of  Alberene  stone,  slate, 
hammered  glass  or  of  well  seasoned  and  oiled  wood. 

There  shall  be  no  partitions  between  the  closets  of  ward  toilet 
rooms.    Attendants'  and  employees'  closets  may  have  partitions. 
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All  doors  for  partitions  shall  be  light  and  short  flap  doors,  not 
reaching  lower  than  ten  inches  from  the  floor  and  not  more  than 
five  feet  high. 

All  rooms  containing  plumbing  fixtures  shall  have  outside  win- 
dows for  air  and  light. 

All  such  rooms  shall  be  well  heated,  so  as  to  prevent  the  freezing 
of  the  plumbing. 


Fig.  206.     View  of  a  Large  Hospital  Operating  Theatre. 

Note.  —  Bath  rooms  require  to  be  heated  to  a  higher  temperature 
than  toilet  rooms. 

All  bath  rooms  and  toilet  rooms  shall  be  well  ventilated.  There 
shall  be  a  constant  draught  from  the  corridors  or  passages  into  the 
toilet  rooms,  and  not  vice  versa. 

Patients*  lavatories  and  spray  baths  shall  always  be  placed  in 
separate  rooms  and  not  in  the  toilet  rooms.  Toilet  rooms  shall 
contain  only  the  water-closets,  urinals  and  slop-sinks. 

Water  Supply  of  Fixtures.  —  All  plumbing  fixtures  shall  be 
supplied  with  both  hot  and  cold  water,  except  water-closets  and 
urinals,  which  require  only  cold  water. 
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All  water-supply  pipes  shall  be  kept  outside  of  walls,  partitions 
and  floors,  and  be  exposed  to  view  and  accessible. 

The  entire  arrangement  of  service  and  distributing  lines  shall 
be  as  direct  and  compact  as  possible.  All  horizontal  lines  shall  be 
arranged  so  that  they  will  not  cross  each  other  and  have  any  depres- 
sions. All  supply  pipes  shall  be  so  graded  that  they  may  be  com- 
pletely emptied.  Hot-  and  cold-water  pipes  shall  not  touch  each 
other,  but  shall  be  kept  at  least  three  inches  apart.  All  supply  pipes 
shall  be  kept  away  from  outside  walls,  and  all  pipes  exposed  to 
freezing  shall  be  protected  by  approved  non-conducting  covering. 
All  branch  supplies  to  fixtures  shall  be  provided  with  air  chambers. 
All  branches  shall  have  shut-oflf  valves. 

All  valves  shall  be  properly  numbered  by  brass  tags  attached  to 
them  and  a  list  of  valves  in  each  building  shall  be  made.  All  hot- 
water  lines  shall  have  return  circulation  pipes. 

At  completion  of  the  work,  the  water-supply  pipes  shall  be  cleaned 
off  and  painted  or  bronzed.  Nickel-plated  supply  lines  shall  be  used 
only  for  the  plumbing  of  the  administration  building. 

Where  house  tanks  are  required,  the  supply  to  faucets  furnishing 
drinking-water  shall  preferably  be  from  direct  pressure. 

Tests  of  Plumbing  Work.  —  The  following  tests  shall  always  be 
carried  out: 

(i)  Tests  of  Materials.  All  material  used  in  the  work  shall, 
as  far  as  possible,  be  tested  by  the  manufacturer  before  ship- 
ment. 

(2)  Test  of  Rough  Work.  All  iron  drain-,  soil-,  waste  and  vent- 
pipes,  including  branches,  lead  bends,  and  ferrule  joints,  shall  be 
tested  by  closing,  before  any  fixtures  are  set,  all  openings  and  filling 
the  entire  system  with  water. 

Alternative,  — In  freezing  weather  the  drainage  system  shall  be 
tested  by  an  air-pressure  test,  with  force  pump  and  mercury  gauge, 
under  a  pressure  of  20  inches  of  mercury. 

(3)  Test  of  Supply  Pipes.  All  supply  pipes  shall  be  tested  by 
a  strong  hydraulic  pump,  under  at  least  100  pounds  per  square  inch 
water  pressure. 

(4)  Test  of  the  Completed  Work.  All  completed  work  shall  be 
tested  by  means  of  a  smoke-testing  machine. 
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AUernative.  — In  place  of  the  smoke  test,  a  peppermint  test  may 
be  applied,  using  at  least  two  ounces  of  pure  oil  of  peppermint  for 
each  line. 

(5)  Final   Test  of   Plumbing   System.     Upon   completion,  the 
entire  work  shall  be  tested  by  turning  on  the  water  at  all  fixtures  and 
supply  lines  and  regulating  all  flushing  cisterns  and  ball  cocks. 
■   (6)  Test  of  Filters.     All  water  filters  shall  be  tested  as  to  their 
capacity  and  efficiency. 

(7)  Test  of  the  Hot-water  Heaters.  The  apparatus  for  the 
supply  of  hot  water  shall  be  tested  as  to  its  capacity  and  proper 
working. 

(8)  Test  of  Hot-water  Circulation.  The  circulation  of  hot 
water  in  the  entire  supply  system  shall  be  tested. 

(9)  Test  of  Flow  of  Water  at  Fixtures.  The  supply  of  water, 
both  hot  and  cold,  at  all  fixtures  shall  be  properly  tested. 

(10)  Tests  of  Water-Closets  and  Urinals.  All  w^ater-closets  and 
urinals  shall  be  tested,  after  installation,  as  to  their  flushing  eflS- 
ciently  and  operating  properly  and  noiselessly. 

(11)  Tests  of  Pumps.  Pumps,  whether  belonging  to  the  water- 
supply  plant  or  to  the  drainage  system  (sump  pumps),  shall  be 
tested  as  to  their  working,  efliciency,  capacity  and  duty. 

Plan  of  Plumbing  Work  and  of  the  Drain  Pipes. —  A  final  correct 
plan  of  the  sewer-,  soil-  and  waste-pipe  system  of  each  building,  as 
actually  constructed,  shall  be  drawn  and  kept  on  file  for  reference. 

The  original  plans  of  the  drainage  may  be  used  for  this  purpose, 
if  all  changes  made  during  construction  are  noted  on  the  plans. 

Acceptance  of  Work  and  Guarantee.  —  All  work  shall  be  accepted 
only  after  all  the  above  tests  have  been  made  and  after  the  operation 
of  all  fixtures  has  been  tested.  In  each  case  the  contractor  shall 
give  a  written  guarantee  that  he  will  hold  himself  responsible  for  his 
work,  and  will  make  good  any  defect  discovered  within  one  year, 
provided  said  defects  are  due  to  imperfections  in  material  or  work- 
manship, or  both. 


392  THE   WATER   SUPPLY,   SEWERAGE  AND 

II.     DRAINAGE. 

Definitions.  — In  these  rules  and  suggestions  the  term  "drain- 
age" is  applied  to  the  collection  and  removal  of  all  surface,  sub-soil, 
and  roof  water,  all  of  which  may  be  regarded  as  "clear"  water  as 
distinguished  from  sewage,  or  water  rendered  foul  through  use  in  the 
plumbing  fixtures. 

It  is  recommended  to  keep,  as  a  rule,  all  drainage  conduits  sepa- 
rate from  the  pipe  conduits  which  convey  sewage  liquids.  (See 
also  under  III,  "Sewerage.") 

Roof  Water.  —  Roof  water  from  buildings  should  be  carried  away 
by  means  of  leaders  or  conductors.  These  should  be  located  either 
inside  or  outside  of  the  building. 

Outside  conductors  are  cheaper  than  inside  leader  pipes,  but  in 
cold  climates  they  give  trouble  in  winter  time  by  freezing  or  burst- 
ing. This  trouble  is  sometimes  obviated  by  arranging  for  branches 
from  the  steam  pipes  to  be  inserted  at  the  foot  of  the  rain-water 
leaders  or  near  the  gutter  inlets. 

Material  of  Leaders.  —  Outside  leaders  are  made  of  sheet  metal, 
either  of  galvanized  iron  or  of  copper.  The  corrugated  expanding 
leaders  are  recommended. 

Inside  leaders  shall  be  of  the  same  material  as  soil  pipes.  (See 
under  I,  "Soil  Pipes.") 

Size  of  Leaders.  —  Leader  pipes  for  large  roofs  shall  be  4,  5  and 
6  inchfes  in  diameter;  the  exact  diameter  and  number  depending 
upon  the  area  and  pitch  of  roof.  Leaders  for  small  roofs,  veranda 
porches,  etc.,  shall  be  3  inches  in  diameter. 

Rule.  —  Provide  i  square  inch  of  leader-pipe  area  to  each  100-150 
square  feet  of  roof  surface,  this  depending  on  the  slope  of  the  roof, 
the  amount  of  rainfall  and  other  considerations. 

Note.  — The  practice  of  omitting  both  the  roof  gutter  and  the 
rain-water  conductors,  and  of  allowing  roofs  to  drip  on  paved 
gutters  placed  around  the  foundation  walls  of  buildings,  is  not 
recommended. 

Rain-water  Drains.  —  The  rain-water  drains  which  receive  the 
vertical  conductor  pipes  are  subject  to  the  same  rules  as  sewage 
drains.  Circular  pipe  sewers  are  recommended.  The  size  of  the 
rain-water  sewers  depends  upon  the  area  drained,  upon  the  amount 
of  rainfall,  and  upon  the  inclination  or  fall  of  the  pipe. 
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For  axeas  drained  by  4-,  5-,  and  6-inch  pipes  (assuming  a  rainfall 
of  6  inches  per  hour),  see  the  table  for  sizes  of  house  drains 
on  page  368.  For  more  complete  diagrams,  giving  the  diameter 
and  discharge  of  drains  under  difiFerent  inclinations,  see  III, 
**  Sewerage." 

Final  Disposal  of  the  Rain  Water.  —  The  outfall  of  a  rain-water 
drain,  or  system  of  drains,  may  go: 

(i)  To  a  rain-water  cistern  (the  rain  water  collected  to  be  used 
for  laundry  or  boiler  purposes) ; 

(2)  Into  open  road  gutters  and  ditches; 

(3)  Into  underground  channels  or  drains  leading  to  a  water 
course. 

Drainage  of  Paved  Areas,  Yards,  and  Courts.  —  All  storm  water 
falling  upon  paved  areas,  yards  and  courts  of  buildings  shall  be 
carried  away  by  means  of  underground  drains.  The  material  and 
sizes  of  pipes  shall  be  the  same  as  those  for  roof  water.  The  storm 
water  shall  be  collected  in  brick  cesspools,  built  water-tight  and 
covered  with  bar  strainers  of  iron.  Suitable  arrangements  shall  be 
made  in  these  cesspools  for  catching  gravel,  ^and,  dirt,  and  road 
detritus. 

Trapping  of  Roof  Water,  Area,  and  Yard  Drains.  —  See  the  cor- 
responding paragraph  under  I. 

Road  Drains.  —  All  roads  about  buildings  shall  be  efficiently 
drained.  Iron  road  boxes  or  gullies  shall  be  set  in  the  road  gutters 
at  suitable  points  and  shall  be  connected  with  the  system  of  vitrified 
sewer-pipe  drains.  Pipe  culverts  shall  be  provided  where  required. 
All  road  gutters  shall  be  well  paved. 

Cellar  Drainage.  — Where  the  cellars  of  buildings  are  apt  to  be 
damp  or  wet,  cellar-floor  drainage  becomes  necessary.  In  such 
cases  it  is  better  to  connect  cellar  drains  with  the  system  of  rain- 
water sewers  (except  when  the  rain  water  is  collected  for  use  in 
cisterns.) 

Cellar  floor  drains  shall  be  of  extra  heavy  iron  pipes  inside  of 
buildings.  The  sizes  depend  upon  the  amount  of  water  to  be  re- 
moved. Ordinarily,  three-  and  four-inch  pipes  are  sufficient.  Where 
these  join  long  sections  of  rain-water  sewers  it  may  become  advis- 
able to  trap  the  cellar  floor  drains.  The  traps  shall  be  special  ones, 
with  extra  depth  of  water  seal  to  provide  against  evaporation. 
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Foundation  Wall  Drains.  —  In  order  to  keep  the  foundation  walls 
dry,  it  is  recommended  to  lay  on  the  outside  of  the  same  along  the 
footing  courses,  tile  or  agricultural  drains,  laid  with  open  joints. 
The  trench  for  such  tile  drains  shall  be  filled  with  broken  stone, 
gravel  and  sand. 

Subsoil  and  Land  Drains.  —  Wherever  the  subsoil  of  the  site  for 
buildings  is  damp,  wet  or  swampy,  it  is  necessary  to  provide  under- 
drainage  of  the  soil.  This  is  accomplished  by  means  of  agricultural 
drains,  laid  at  a  depth  of  from  3  to  6  feet,  and  at  distances  apart  of 
from  20  to  50  feet. 

The  material  for  such  subsoil  drains  shall  be  ordinary  unglazed 
land  tiles  of  the  circular  or  horseshoe  pattern,  each  to  be  two  feet 
in  length.  The  sizes  of  pipes  depend  upon  the  area  to  be  drained 
and  the  inclination  of  the  pipe. 

Sewage  pipes  shall  never  be  used  for  the  drainage  of  land.  Special 
land  drains  are  required  in  all  cases,  and  should  discharge  into  an 
open  ditch  or  a  water  course. 

All  pipes  for  subsoil  or  land  drainage,  which  collect  water,  should 
be  laid  with  open  joints,  and  these  shall  be  protected  against  obstruc- 
tions by  wrapping  coarse  paper  or  muslin  around  them.  All  land 
drains  which  remove  and  convey  water  may  be  of  glazed  sewer  pipes 
with  uncemented  or  cemented  joints.  At  all  changes  in  direction 
and  in  grade,  suitable  brick  manholes  with  iron  covers  shall  be 
provided. 

Floor  Drains.  — Floor  drains  in  bath  and  toilet  rooms  and  in 
kitchens,  pantries  and  laundries  may  be  connected  with  the  rain- 
water sewers,  except  where  the  rain  water  is  collected  for  use. 

Overflows  from  Cisterns  and  House  Tanks.  —  Where  house  tanks 
are  necessary,  overflows  must  be  provided  and  may  discharge  into  a 
roof  gutter.  Overflows  from  underground  rain-water  cisterns  may 
connect  with  rain-water  sewers  or  with  land  drains. 

Plans  and  Descriptions.  —  Detail  plans  for  all  rain-water  drainage 
systems  shall  be  drawn  on  a  uniform  scale  and  filed  for  approval 
together  with  the  necessary  descriptions  and  specifications. 
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III.     SEWERAGE. 

General  Considerations.  —  When  the  site  for  a  building  is  selected, 

drainage  and  sewerage  questions  should  be  immediately  considered. 

The  location  for  the  outfall  of  a  private  sewer,  if  such  should  be 

required,  should  also  at  once  be  decided. 

Three  methods,  in  general,  present  themselves,  namely: 

(i)  The  main  sewer  may  be  connected  with  a  city  sewer  already 

constructed  or  in  course  of  construction. 

(2)  The  sewer  may  convey  the  sewage  into  a  large  water  course 
or  stream. 

(3)  In  cases  where  the  sewage  cannot  be  discharged  in  a  crude 
or  unpurified  condition,  it  shall  undergo  some  purification  process, 
and  the  outfall  of  the  sewer  shall  in  such  case  be  located  at  a  sewage 
or  flushing  tank  for  irrigation,  at  chemical  precipitation  works,  at 
the  tanks  of  some  aeration  process,  or  finally  at  artificial  filter  beds 
or  biological  purification  works. 

The  general  direction  or  course  of  the  main  outfall  sewer  being 
decided  upon,  the  next  question  to  determine  will  be  whether  the 
separate  or  combined  system  of  sewerage  shall  be  adopted. 

In  the  separate  system  of  sewerage  all  rain  water  from  roofs, 
yards  and  roadways  and  all  subsoil  water  are  excluded.  In  the 
combined  system  storm  water  and  foul  sewage  are  carried  away  in 
a  single  pipe  conduit. 

For  isolated  hospital  buildings  and  other  institutions  the  separate 
system  is  recommended,  particularly  in  the  following  instances, 
namely: 

(i)  Where  the  sewage  must  be  purified  before  admission  into 
a  stream. 

(2)  Where  the  sewage  must  be  lifted  or  pumped. 

(3)  Where  old  channels  for  storm  water  are  available  for  the 
removal  of  the  rain  water. 

(4)  Where  the  water  supply  is  scanty  and  it  becomes  necessary 
to  save  the  rain  water  in  cisterns. 

(5)  Where  the  rain  water  must  be  stored  for  use  in  cisterns 
because  the  water  supplied  to  the  buildings  has  a  large  degree 
of  permanent  hardness,  rendering  the  same  unfit  for  use  in  the 
laundry  and  for  the  supply  of  the  steam  boilers. 
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Note.  —  The  following  suggestions  on  plans  make  no  claim 
to  be  either  detailed  or  complete,  and  should  be  taken  as  in- 
tended only  to  give  in  concise  form  the  leading  principles  and 
methods  to  be  followed,  in  the  preparation  of  plans  for  such 
works. 

Maps  and  Plans  of  Sewerage  System.  —  All  hospitals  and  institu- 
tions having  a  completed  system  of  sewerage  shall  have  prepared 
a  map  and  plan  of  the  system.  The  general  map  shall  be  drawn 
on  a  sheet  26X38  inches,  with  a  i-inch  margin,  and  on  a  scale  of 
not  less  than  100  feet  to  the  inch.  The  map  shall  show  the  location 
of  the  group  of  buildings  constituting  together  the  institution,  the 
main  line  of  sewer,  the  location  of  the  sewer  outfall,  and  the 
branches  or  laterals  to  each  building. 

Detail  plans  of  the  sewers  for  each  of  the  buildings  shall  be  drawn 
on  a  larger  scale  (either  |,  ^^  or  ^  of  an  inch  to  the  foot).  These 
plans  shall  show  the  sizes,  depth  and  grades  of  the  sewers,  the 
location  of  all  connections  and  disconnecting  traps  and  of  all  man- 
holes, lamp  holes  and  flush  tanks. 

For  new  buildings  in  course  of  construction,  or  proposed  to  be 
erected,  similar  plans  shall  be  drawn  together  with  a  detailed  descrip- 
tion or  specification  of  the  work. 

All  drawings  shall  be  made  on  sheets  of  uniform  size,  namely, 
26X38  inches,  with  a  margin  of  i  inch  all  around. 

Chief  Requirements  of  Plans  for  Sewer  Systems.  —  In  plan- 
ning a  sewer  system,  the  following  main  points  should  be 
observed  : 

(i)  All  sewers  shall  be  self-cleansing,  in  order  to  effect  a  rapid 
removal  of  the  sewage,  and  the  velocity  of  flow  shall  be  sufficient 
to  prevent  all  deposits  in  the  bottom  of  sewers. 

(2)  All  sewers  shall  be  constructed  absolutely  water-tight,  in 
order  to  avoid  any  contamination  of  the  soil  and  also  to  prevent 
leakage  of  the  liquid  sewage,  which  might  cause  the  solid  matter 
to  be  left  stranded  in  the  pipes. 

(3)  All  sewers  shall  be  kept  free  from  stagnation  of  air  or  sewage. 
They  shall  be  well  flushed  and  well  ventilated. 

(4)  All  sewers  shall  be  made  readily  accessible  for  inspection, 
cleaning  and  repairs.  This  is  accomplished  by  providing  man- 
holes, lamp  holes  and  inspection  clean-outs. 
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Details  of  Sewerage.  —  Alignment.  —  All  sewers  shall  be  laid  in 
perfectly  straight  lines,  and  where  changes  in  direction  or  in  grade 
are  required,  these  shall  be  made  in  manholes. 

Junctions.  —  All  lateral  sewers  shall  join  the  main  sewers  under 
acute  angles  by  means  of  Y-branches.  No  right-a»gled  junctions 
or  T-connections  shall  be  made. 

Grades.  —  All  grades  shall  be  as  imiform  as  possible  and  with- 
out breaks  between  manholes.  The  grades  established  for  sewer 
lines  shall,  wherever  possible,  be  such  as  to  render  the  sewers  self- 
cleansing. 

The  following  grades  are  recommended,  namely: 
^"  pipes  to  have  a  fall  of  i  in  30. 
(f  pipes  to  have  a  fall  of  i  in  40. 
i"  pipes  to  have  a  fall  of  i  in  50. 

Wherever  the  falls  are  slight  or  insuflScient,  proper  flushing 
arrangements  shall  be  provided. 

Depth.  —  All  sewers  shall  be  laid  at  a  sufficient  depth  to  drain  the 
buildings. 

Where  sewers  cross  public  roads  they  shall  be  laid  at  such  a  depth 
as  to  avoid  breakage  of  the  pipes. 

Sizes.  —  The  sizes  of  sewers  shall  be  proportioned  to  the  maximum 
volume  of  sewage  to  be  discharged. 

In  the  separate  system,  the  sizes  will  run  from  six  to  twelve  inches, 
the  latter  size  being  sufficient  for  a  large  group  of  buildings  and  the 
former  size  ample  for  a  building  of  average  size. 

Where  the  sewers  receive  any  rainfall,  their  dimensions  shall  be 
calculated  so  as  to  make  them  large  enough  to  remove  the  flow  of 
water  during  a  heavy  rain  storm. 

Diagrams  for  Sewer  Calculations.  —  The  required  sizes  of  sewers 
may  be  taken  almost  at  a  glance  from  the  diagram,  Plate  12,  which 
was  prepared  by  the  author  in  1881  and  calculated  from  Weisbach's 
formula.*  The  results  obtained  may  be  compared  by  the  use  of 
the  two  other  diagrams,  Plates  13  and  14,  one  by  Adams  and 
Gemmell,t  the  other  by  Rudolph  Hering  (after  Kutter). 

*  This  diagram  was  published  separately  in  1881,  but  has  long  been  out  of  print. 
See  description  of  it  in  Appendix  D. 

t  The  Adams  and  Gemmell  Diagram  is  republished  from  Engineering  News,  of 
April  27,  1893.     In  this  paper  are  also  given  useful  references  to  other  Sewer  Diagrams. 


398 


THE  WATER  SUPPLY,   SEWERAGE   AND 
Indication  for  DiagJt,' 


i 


Indication  for  Di&g.i. 


§  One  in       1    *^ 


Cub.  ft.  Discharge  per  Min.  for  Diag.3. 


Cub.  ft.  Discharge  per  Min.  for  Dia^.4. 

Diagram  13.     Discharge  and  Velocity  of  Flow  in  Pipe  Sewers, 
from  6*  to  24*  Diameter. 

Diag.  I.  Computed  by  Kutter's  formula,  with  *'N"=.oi3;  with  "N"— .012 
add  10%,  Take  inclination  on  left  hand  vertical  scale  and  find  discharge  in  cubic 
feet  per  minute  on  the  top  horizontal  scale. 

Diag.  2.  Same  formula  as  Diag.  r.  Take  inclination  on  left  hand  vertical  scale 
and  find  discharge  in  cubic  feet  per  minute  on  the  bottom  horizontal  scale. 

Diags.  3  and  4.  Take  discharge  in  cubic  feet  per  minute  on  left  hand  vertical  scale 
and  find  velocity  in  feet  per  minute  on  horizontal  scales. 
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Pipes  JRunning  Full 
Diagram  14.     Giving  the  Discharge  of  Pipe  Sewers  (after  Hering-Kutter). 
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Flushing.  —  All  sewers  shall  be  provided  with  flushing  arrange- 
ments. 

Flushing  may  be  accomplished  by  means  of  the  sewage  itself  or 
else  by  means  of  pure  water.  The  latter  may  be  obtained  from  the 
water  supply  of  the  buildings,  and  sometimes  underground  springs 
may  be  collected  in  reservoirs,  or  the  water  from  canals,  rivers  or 
streams  may  be  made  available  for  such  purpose.  Flush  tanks 
shall  always  be  placed  at  the  head  of  lateral  sewers. 

Ventilation.  —  All  sewers  shall  be  ventilated.  This  may  be  accom- 
plished by  the  use  of  perforated  or  ventilating  covers  on  the  man- 
holes. Near  the  buildings  it  is  advisable  to  use  tight  covers,  and 
the  sewers  may  be  ventilated  by  extension  pipes  carried  up  to  the 
higher  roofs  of  the  buildings. 

Leader  or  conductor  pipes  shall  not  be  used  for  sewer  ventilation- 
Sewers  shall  not  be  ventilated  by  connection  with  brick  ventilating 
flues  in  buildings. 

Trapping  of  Lateral  Sewers.  — As  a  rule,  it  is  advisable  to  isolate 
each  building  from  all  others  by  trapping  the  lateral  house  sewer. 
The  house  trap  shall  then  be  provided  with  fresh-air  inlet  as  speci- 
fied under  "Plumbing  Work." 

Under  special  conditions  lateral  sewers  may  be  left  untrapped, 
in  which  case  the  soil  pipes  extended  through  the  roof  shall  be  made 
to  act  as  ventilators  for  the  sewers. 

Materials  for  Sewer  Construction.  —  Sewer  Pipes  and  Fittings.  — 
Sewers  shall  be  constructed  of  best-quality  vitrified  salt  glazed  sewer 
pipe.     All  sewer  pipes  shall  have  deep  and  wide  sockets,  shall  be 
sound  and  well  burned  throughout,  impervious,  with  smooth  and 
well-glazed   surfaces,  free  from  flaws,  cracks,  blisters,  fire  checks 
and  other  imperfections,  circular  in  shape,  of  true  form  in  the  length, 
whether  straight  or  curved,  and  internally  of  the  exact  diameter 
called  for.     All  pipes  up  to  12  inches  in  diameter  shall  have  sockets 
which  must  be  true  and  circular,  3  inches  deep,  and  concentric  with 
the  bore  of  the  pipe.     All  sewer  pipe  shall  be  two  and  three  feet  long 
and  of  the  following  uniform  thickness,  namely: 
6^  pipe,     I  inch. 
9f  pipe,     J  inch. 
10^  pipe,  I    inch. 
12''  pipe,  I J  inch. 
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All  fittings  or  "  Specials"  shall  be  of  the  same  quality  and  character 
as  the  pipe. 

Iron  pipes.  —  Sewers  shall  be  constructed  of  iron  pipes  wherever 
they  cross  under  buildings,  also  where  they  pass  near  wells  furnishing 
drinking-water,  and  where  roots  of  trees  may  grow  into  the  joints. 
In  made  ground  sewers  may  be  built  of  iron  pipe  to  prevent  breakage 
of  the  pipe  by  settlement. 

Brick.  —  All  brick  used  for  sewer  work  shall  be  first-quality,  hard- 
bumejl,  whole  brick,  of  uniform  size,  of  good  shape,  free  from  swell 
or  warp  or  fire  cracks. 

Cement.  —  Cement  for  sewer  brickwork  shall  be  best-quality 
American  Rosendale  cement.  Cement  for  pipe  joints  and  for  the 
rendering  of  the  sides  of  manholes  and  flush  tanks  shall  be  best- 
quality  English,  German  or  American  Portland  cement. 

Ail  cement  shall  be  finely  ground,  freshly  made,  and  shall  be  kept 
at  ail  times  well  protected  from  the  weather. 

Sand.  —  All  sand  used  for  making  cement  mortar  shall  be  clean, 
fine,  sharp  bank  sand  which  shall  be  screened  when  so  directed. 

Mortar.  —  All  cement  mortar  for  laying  brickwork  shall  be 
formed  of  two  parts  of  Rosendale  cement  and  five  parts  of  sand  well 
mixed  when  dry. 

All  cement  mortar  for  making  pipe  joints  shall  be  made  by  mixing 
one  part  of  Portland  cement  with  two  parts  of  sand.  All  cement 
mortar  shall  be  mixed  in  wooden  boxes. 

Concrete.  —  All  concrete  for  sewer  work  shall  be  formed  by  mix- 
ing dry  one  part  of  Portland  cement  and  two  parts  of  clean  sharp 
sand  with  four  parts  of  clean  coarse  gravel,  or  fine  broken  stone,  or 
broken  brick,  which  must  pass  through  a  two-inch  ring. 

Iron  Covers  for  Manholes  and  Flush  Tanks.  — All  manholes  on 
pipe  sewers  and  for  flush  tanks  shall  be  provided  with  cast-iron 
frames  and  covers.  The  covers  shall  be  24  inches  in  diameter  and 
shall  be  provided  with  special  locks  and  keys.  They  shall  be  open 
covers  where  so  directed,  and  all  open  covers  shall  have  dirt  pans 
hung  underneath. 

All  cast  iron  shall  be  of  a  good  quality  strong  gray  iron,  well 
coated  with  asphalt  or  coal  tar. 

All  iron  manhole  covers  for  sewer  work  shall  be  left  exposed  and 
shall  not  be  covered  with  dirt  or  sodded  over. 
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Lamp-hole  Covers.  —  All  lamp  and  inspection  holes  shall  be  fur- 
nished with  heavy  cast-iron  frames  and  covers. 

Sewer  Construction.  — Excavation.  —  All  trenches  for  sewers  shall 
be  excavated  in  open  cuts  and  tunneling  will  be  allowed  only  under 
special  circumstances. 

The  term  "excavation"  shall  include  all  materials  which  can  be 
removed  by  shovel,  pick  or  axe,  including  bowlders  of  not  more  than 
one-half  cubic  yard. 

Rock  Excavation.  — The  term  "rock  excavation"  shall  include 
the  removal  of  all  material  requiring  blasting  or  the  use  of  the  sledge 
hammer  and  chisel;  also  the  removal  of  bowlders  larger  than  one- 
half  a  cubic  yard. 

In  rock  excavation  all  blasts  shall  be  securely  covered  with  heavy 
plank,  and  the  completed  work  and  all  lines  of  gas,  water,  steam  and 
electric  conduits  crossing  the  sewer  trench  shall  be  protected  from 
damage. 

Alignment.  —  All  trenches  shall  be  opened  on  the  exact  align- 
ment staked  out  by  the  engineer. 

Width  and  Depth  of  Trenches.  —  All  trenches  shall  be  excavated 
to  the  depth  of  the  sewer  bottom,  and  the  sides  of  the  trenches  shall 
have  suitable  slopes  or  be  shored  up.  The  width  of  trenches  in  the 
bottom  shall  be  sufficient  to  permit  the  proper  laying  and  jointing  of 
the  pipes. 

Shoring. —  Suitable  plank  shoring  or  sheet  piling  with  sewer  braces 
shall  be  used  wherever  there  is  danger  of  the  trenches  caving  in. 

All  exposed  water,  steam,  sewer,  gas  and  electric  conduits  or 
railroad  tracks  encountered  in  the  trenches  shall  be  shored  up. 

Back-filling.  —  All  portions  of  the  sewer  work  completed  shall  be 
examined  before  back-filling  is  commenced.  All  back-filling  shall 
be  done  with  earth  in  the  most  careful  manner  and  shall  be  well  and 
firmly  tamped  with  heavy  rammers  or  puddled.  All  back-filling  shall 
be  free  from  stones  or  lumps.  All  tamping  shall  be  done  so  that 
there  will  be  no  subsequent  settlement. 

All  walks,  roads,  gutters  and  lawn  surfaces  shall  be  restored  to 
their  original  finish. 

Pipe  Laying.  — All  pipes  and  specials  shall  be  matched  before 
they  are  lowered  into  the  bottom  of  the  trench.  Grooves  shall  be 
cut  in  the  bottom  of  the  trench  to  receive  the  socket  of  the  pipe. 
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All  pipes  shall  be  laid  with  their  flow  line  to  the  exact  grade  and 
alignment  staked  out. 

Pipe  Jointing.  —  Iron  sewer  pipes  shall  be  calked  with  lead. 

Vitrified  pipes  shall  be  jointed  with  Portland  cement.  Gaskets  of 
oakum  shall  be  pressed  into  the  joint  before  the  cement  is  applied,  to 
prevent  any  cement  from  protruding  at  the  inside  of  the  pipe. 

All  pipe  joints  shall  be  made  water-tight. 

No  clay  joints  shall  be  permitted. 

Pipe  Foundations  in  Loose  Soil.  —  In  loose  soil  or  quicksand  the 
pipes  shall  be  laid  on  a  firm  foundation  of  either  concrete  or  wooden 
pipe  boards. 

Connections.  — All  connections  of  pipe  sewers  shall  be  made  in 
the  bottom  of  brick  manholes.  Connections  between  pipe  and  brick 
sewers  shall  be  made  with  proper  vitrified  slant  pieces. 

Manholes,  Lamp  Holes  and  Flush  Tanks.  —  Manholes  shall  be 
provided  on  the  lines  of  sewers  at  distances  of  about  300  feet,  also  at 
all  junctions  and. changes  in  alignment  or  grade.  Manholes  shall 
be  oval  at  the  bottom,  three  feet  wide,  and  from  four  to  five  feet  long, 
circular  at  the  top  and  24  inches  in  diameter.  The  bottoms  of 
manholes  shall  be  formed  in  concrete  and  be  curved  to  the  shape  of 
the  lower  half  of  the  pipe. 

All  manholes  shall  be  constructed  of  brick  laid  in  cement  mortar 
and  shall  be  rendered  on  the  inside  and  outside  to  a  height  of  at 
least  two  feet  above  the  flow  line.  The  thickness  of  the  walls  shall 
be  at  least  eight  inches. 

Wrought-iron  steps  shall  be  built  in  all  manholes  for  access. 

Lamp  Holes.  — Lamp  holes  shall  be  placed  between  manholes 
at  distances  of  about  100  feet,  and  be  constructed  of  6-inch  T 
branches  extended  upward  by  means  of  vitrified  pipes.  The 
top  shall  be  covered  with  iron  frame  and  tight  cover. 

Flush  Tanks.  —  Flush  tanks  shall  be  constructed  of  hard  burned 
brick  laid  in  cement  mortar  and  built  perfectly  water-tight.  They 
shall  be  emptied  either  by  means  of  gate  valves  or  automatically  by 
means  of  siphon. 

Detail  Drawings  for  Manholes  and  Flush  Tanks.  —  Detail  draw- 
ings on  a  scale  of  at  least  one-half  inch  to  the  foot  shall  be  prepared 
for  all  flush  tanks  and  manholes. 
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IV.     DISPOSAL  OF  THE  SEWAGE. 

Sewer  Connection.  — A  hospital  or  other  institution  located 
within  the  city  limits,  or  not  far  outside  of  these,  may  in  many  cases 
be  able  to  arrange  for  a  connection  with  one  of  the  city  sewers.  This 
is  usually  the  best  plan  to  adopt,  even  in  cases  when  a  line  of  private 
sewer  has  to  be  laid  at  the  expense  of  the  hospital  to  accomplish  the 
connection,  and  sometimes  even  when  a  gravity  discharge  is  not 
feasible  and  the  sewage  necessarily  has  to  be  lifted  or  pumped 
to  reach  the  public  sewer. 

Cesspools.  —  The  sewage  from  hospital  buildings  shall  not  be 
discharged  into  cesspools  or  into  surface  ditches. 

Cesspools  of  all  kinds  are  objectionable  because  they  involve  an  accumula- 
tion and  a  long  storage  of  putrescible  matter. 

Leaching  cesspools,  which  are  underground  holes  with  open  sides  and 
bottom,  for  the  reception  of  the  sewage  are  not  permissible,  because  they  retain 
decomposing  solid  and  greasy  sewage  matter,  and  also  because  the  liquid 
sewage  in  soaking  away  may  pollute  the  soil  or  contaminate  wells  and  springs 
situated  on  property  adjoining  the  hospital. 

Tight  cesspools  are  sewage  receptacles  constructed  so  as  to  be  water-tight, 
and  they  are  equally  objectionable,  because  when  built  of  small  dimensions 
they  require  frequent  pumping  out,  which  becomes  expensive  in  the  long  run. 
When  built  of  large  dimensions  they  constitute  gasometers  of  foul  air,  which 
may  enter  the  buildings  through  the  house  sewers  and  the  soil  pipes  or  which 
may  contaminate  the  air  in  the  neighborhood  of  the  cesspool. 

Water-tight  cesspools  may  be  permitted  only  under  special  circumstances. 
In  such  cases  they  shall  be  constructed  in  strict  accordance  with  approved  plans. 

Privy  Vaults.  —  Ordinary  privy  vaults  shall  not  be  used  for  any 
part  of  a  hospital. 

Earth  Closets.  —  For  outdoor  conveniences  for  the  hospital  farm 
buildings,  stables,  barns  and  the  like,  plain  forms  of  earth  closets 
may  be  used.  The  details  of  these  should  conform  with  approved 
plans. 

General  Considerations  on  Sewage  Disposal.  —  The  disposal  of 
the  sewage  from  institutions  not  in  reach  of  sewers  may  be  accom- 
plished in  several  ways. 

(i)  Where  no  public  sewer  is  available,  the  sewage  may,  imder 
certain  conditions,  be  discharged  in  an  unpurified  condition  into  a 
water  course  or  a  large  body  of  water. 
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The  crude  discharge  of  sewage  into  water  courses  is  permissible  only  for 
buildings  located  near  the  ocean,  the  seacoast,  or  a  tidal  estuary,  and  also  only 
provided  there  are  strong  tidal  currents  to  carry  the  sewage  away  into  deep 
water;  or  for  buildings  located  near  a  large  river,  carrying  at  all  seasons  of  the 
year  a  sufficient  volume  to  secure  an  ample  and  immediate  dilution  of  the 
sewage,  and  having  such  a  rapid  current  as  to  prevent  deposits  or  obstructions 
in  the  river  bed.  A  water  course  should  never  be  used  for  sewage  discharge 
if  it  serves  as  a  source  of  water  supply  for  populations  located  below  the  site 
of  the  hospital  or  institution. 

When  a  hospital  is  located  near  a  small  stream  or  natural  drainage  channel, 
the  discharge  of  its  sewage  into  these  shall  not  be  permissible  under  any  cir- 
cumstances. 

In  some  States  the  laws  very  properly  require  that  brooks  or  rivers, 
origmally  pure,  shall  not  be  polluted  by  sewage.  Hence  it  becomes 
necessary  that  the  sewage  be  purified  by  some  approved  method  of  treat- 
ment. 

Where  a  hospital  is  located  remote  from  any  water  course  the  sewage  shall 
be  purified  before  discharge. 

All  sewage -purification  works  shall  be  carried  out  under  approved  well 
designed  plans  and  under  proper  engineering  superintendence. 

(2)  Treatment  of  the  sewage  in  simple  subsidence  tanks,  in 
which  the  heavier  sewage  matters  settle  to  the  bottom,  is  not  to  be 
recommended.  It  does  not  even  accomplish  a  satisfactory  clari- 
fication of  the  sewage. 

Straining  the  sewage  in  straining  chambers  merely  holds  back 
the  suspended  impurities,  but  removes  none  of  the  impurities  in 
solution.     It  is,  therefore,  not  a  method  which  can  be  approved. 

Chemical  purification,  by  precipitation  with  certain  chemicals, 
such  as  sulphate  of  alumina  or  milk  of  lime,  or  both,  is  an  expensive 
process,  and  the  results  of  the  operation  are  seldom  satisfactory. 
This  method  should  be  taken  into  consideration  only  when  land  is 
either  scarce  or  expensive  to  obtain  or  when  none  is  available  for 
sewage  farming  or  sewage  irrigation. 

W^ere  but  a  small  area  of  land  is  available,  a  combined  system 
of  chemical  purification,  with  subsequent  land  treatment,  may  be 
adopted,  but  such  a  method,  too,  is  expensive. 

Application  of  the  sewage  to  land  is,  in  most  cases,  the  best  and 
least  expensive  method  of  purification. 

(3)  Where  abundant  land  is  available,  broad  sewage  irrigation 
over  land  is  recommended. 
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In  broad  sewage  irrigation,  the  sewage  is  spread  in  a  thin  film  over  large 
surface  areas  of  well-aSrated  and  prepared  soil,  and  the  piirification  is  accom- 
plished by  oxidation  and  nitrification,  assisted  by  the  bacteria  in  the  upper 
layers  of  the  soil,  and  during  a  part  of  the  year  by  the  vegetation. 

One  acre  of  land  will  purify  on  the  average  the  sewage  of  from  loo  to  250 
persons. 

(4)  Where  suitable  land  is  not  so  abundant,  intermittent  down- 
ward filtration  through  artificially  prepared  land  should  be  adopted. 

In  intermittent  downward  filtration  sewage  utilization  is  only  a  secondary 
object,  the  sewage  being  made  to  flow  through  as  small  an  area  of  well- 
drained  land  as  is  able  to  effect  purification.  One  acre  of  land  so  treated  will 
purify  the  sewage  of  from  300  to  500  persons. 

(5)  Where  the  sewage  field  is  located  close  to  the  buildings, 
sub-surface  irrigation,  by  means  of  a  network  of  sewage-distributing 
tiles,  laid  within  15  inches  of  the  surface  soil,  may  be  a  preferable 
method,  at  least  for  smaller  buildings.  For  an  extensive  group  of 
buildings  such  a  system  becomes  rather  expensive. 

(6)  Sewage  may  also  be  purified  by  means  of  artificial  inter- 
mittent filtration  in  suitably  prepared  filter  tanks,  consisting  of  beds 
or  layers  of  gravel  and  coarse  sand.  In  such  artificial  beds  the  puri- 
fication of  the  sewage  is  accomplished  by  a  very  slow  and  restricted 
downward  motion  of  thin  films  of  sewage  over  and  through  the 
coarser  particle  of  the  filtering  medium  in  the  tanks. 

One  acre  of  tank  surface  will  purify  under  favorable  conditions  from 
100,000  to  200,000  gallons  per  day,  or  the  sewage  of  from  1000  to  2000  persons. 

In  all  artificial  sewage  filter  beds  the  filtering  surface  should  be  raked  or 
scraped  from  time  to  time.  Several  tanks  should  therefore  be  provided  for 
alternate  use. 

(7)  Sewage  may  be  purified  by  bacterial  methods  in 

(a)    septic  or  in  cultivation  tanks; 
(6)    in  contact  filter  beds; 

(c)  in  trickling  or  percolating  filters; 

(d)  in  artificially  aerated  filter  beds. 

The  methods  mentioned  depend  largely  upon  the  action  of  minute  living 
organisms,  called  bacteria,  which  reduce  the  organic  impurities  to  their 
chemical  elements,  which  in  turn  are  transformed  by  the  aid  of  the  oxygen 
(oxidation)  into  harmless  compounds  (carbonic  acid,  water,  nitrites  and 
nitrates).  All  purification  methods  involve  a  slow  form  of  decomposition, 
whereas  storage  of  sewage  leads  to  undesirable  putrefactive  conditions. 
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In  the  artificially  aerated  filter  beds  the  bacterial  oxidation  is 
assisted  by  an  increased  introduction  of  oxygen,  either  by  natural 
air  channels  or  by  air  introduced  under  pressure.  The  latter 
system  requires  the  erection  of  a  suitable  plant,  with  engines,  blowers 
and  boilers,  or  dynamos  and  electric  motors. 

One  acre  of  such  filter  area  will  purify  efficiently  the  sewage  from  10,000 
to  20,000  persons. 

Details.  — In  all  systems  mentioned  the  sewage  beds,  tanks  or 
filtering  areas  should  be  well  underdrained.  The  sewage  should 
be  intermittently  applied  and  imiformly  distributed. 

Intermittent  application  of  sewage  may  be  secured  either  by  the  use  of 
automatic  siphons  or  by  means  of  gate  valves  operated  by  hand  labor. 

If  care  and  intelligent  attention  to  details  are  lacking,  the  methods 
recommended  may,  one  and  all,  result  in  failure. 

A  sewage-disposal  field  should  be  located  far  away  from  the  source 
of  the  water  supply  for  the  hospital,  where  this  depends  upon  an 
independent  water  plant  of  its  own. 

The  sewage  tanks,  beds,  filtering  areas  or  disposal  fields  should; 
where  feasible,  be  reached  by  the  hospital  sewer  by  means  of  a 
gravity  discharge,  and  without  the  necessity  of  pumping  the  sewage. 
Sewage-pumping  plants,  where  required,  should  always  be  provided 
in  duplicate  to  guard  against  an  interruption  in  the  operation  due 
to  breakdowns  of  the  machinery. 

All  solids  and  coarse  suspended  impurities  should  be  intercepted 
before  the  sewage  is  applied  to  land  or  to  filter  tanks.  This  is  accom- 
plished by  intercepting  chambers  and  by  scum  or  septic  tanks, 
which  retain  solids  together  with  the  liquid  sewage,  or  else  by  strain- 
ing chambers  with  double-bar  screens,  allowing  the  liquid  to  flow 
off,  or  by  auxiliary  screening  tanks,  filled  with  coke  breeze  or  with 
burnt  clay. 

Special  arrangements  may  be  added  to  oxidize  matters  retained 
in  these  filtering  tanks. 

[For  further  details  see  the  author's  work,  "  Sanitation,  Water 
Supply  and  Sewage  Disposal  of  Country  Houses,"  1909.  New  York.] 

Plans  of  Sewage-disposal  System.  — The  system  of  sewage  dis- 
posal for  all  buildings,  present  and  future,  shall  be  clearly  shown 
on  a  map,  drawn  to  a  suitable  scale,  on  sheets  26X38  mches  in  size. 
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Details  of  the  sewage-irrigation  field,  of  the  flush  tanks,  the  conduits 
and  carriers,  the  intercepting  chambers,  the  filter  beds,  the  mechani- 
cal plant,  etc.,  shall  be  drawn  to  a  larger  scale. 

V.     WATER  SUPPLY. 

General  Considerations.  —  A  hospital  or  institution  located  within 
the  city  limits,  or  not  very  far  outside  the  same,  can  generally  ar- 
range to  obtain  a  supply  of  water  from  the  street  mains  of  the  city 
waterworks  or  the  private  water  company  supplying  the  city. 

The  chief  point  to  bear  In  mind  is  to  obtain  an  amply  large  supply 
main.  This  should,  wherever  possible,  be  8  inches  in  diameter, 
and  in  any  case  not  less  than  6  inches. 

Hospitals  and  groups  of  buildings  forming  an  institution  which  are 
located  more  or  less  isolated  and  where  they  cannot  be  reached  by  a 
town  waterworks  system,  require  an  independent  water-supply  plant. 

Chief  Points  to  be  Observed  in  Planning  a  Water-Supply  System.  — 
In  designing  a  water  supply  for  a  group  of  buildings,  the  following 
chief  points  shall  be  considered,  namely:  • 

(i)  The  source  of  supply. 

(2)  The  quality  of  the  water. 

(3)  The  means  for  preventing  any  contamination  of  the  source 
of  supply. 

(4)  The  means  for  purifying  the  water. 

(5)  The  quantity  required  and  the  quantity  available. 

(6)  The  pressure  required. 

(7)  The  methods  of  storing  the  water. 

(8)  The  system  of  bringing  the  water  from  its  source  to  the 
places  of  consumption. 

(9)  The  pumping  plant. 

(10)  The  system  of  water  distribution. 

Sources  of  Supply.  —  The  sources  of  supply  may  be  one  or  more 
of  the  following,  namely: 
(a)  Shallow  wells. 
(6)  Rain  water  from  roofs. 

(c)  Deep  driven  or  bored  wells  and  Artesian  wells. 

(d)  Rivers,  streams  or  lakes. 

(e)  Surface  water  from  drainage  districts  or  gathering  grounds, 
impounded  by  reservoir  dams. 
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Shallow  Wells.  —  Shallow  wells  do  not,  as  a  rule,  yield  water  of 
a  good  quality;  they  are  very  liable  to  contamination  by  surface 
drainage  and  by  leakage  from  sewers,  drains  or  cesspools.  The 
amount  of  water  to  be  derived  from  shallow  wells  is  generally  in- 
sufficient for  the  needs  of  a  hospital  or  institution. 

Rain  Water.  —  The  rain  water  falling  on  the  roofs  of  buildings 
may,  with  advantage,  be  stored  in  underground  tanks  or  cisterns. 
With  proper  precautions,  the  water  thus  obtained  will  be  fit  for  all 
uses  including  drinking,  and  where  there  is  any  doubt  about  its 
purity,  the  water  may  be  filtered  or  boiled.  The  amount,  however, 
which  can  be  derived  from  the  roofs  of  even  the  largest  buildings 
will  fall  far  short  of  the  supply  required.  It  is  recommended  to  use 
such  rain  water  principally  in  the  laundry  and  in  the  steam  boilers, 
particularly  where  the  general  supply  furnishes  water  which  has  too 
much  hardness. 

Deep  Driven  Wells.  —  Very  excellent  water  may  be  obtained  from 
driven  or  bored  wells  of  great  depth.  In  some  cases,  the  water  thus 
obtained  may  contain  salts  of  magnesia  or  other  compounds  which 
will  render  the  same  less  desirable  for  use.  Before  deciding  on  the 
supply  by  driven  or  Artesian  wells,  it  is  desirable  to  sink  or  drive  a 
smaller  test  well  and  to  make  long-continued  observations  as  to  the 
quantity  yielded. 

Springs.  —  Springs  may  form  a  very  excellent  source  of  supply, 
particularly  mountain  springs;  but  before  deciding  upon  such  a 
source  it  is  advisable  to  make  examinations  and  observations  as  to 
the  yield  of  the  spring,  or  springs,  during  and  after  a  period  of 
drought.  Care  should  also  be  taken  in  the  case  of  springs  located 
below  the  buildings  to  prevent  any  possible  surface  or  underground 
pollution  of  the  same. 

Rivers  and  Streams.  —  Rivers  or  streams  generally  furnish  an 
abundant  quantity  of  water;  but  the  quality  of  their  water  is  rarely 
above  suspicion.  River  water  becomes  of  doubtful  value  where  the 
river  is  used  as  the  natural  outfall  for  sewers  of  cities  located  above 
the  point  of  supply. 

Lakes.  —  The  water  from  lakes  may  be  of  very  excellent  quality, 
but  sometimes  it  may  be  found  contaminated,  particularly  where 
the  sewers  from  buildings  discharge  into  the  same  body  of  water. 

Surface  Water.  —  Water  may  be  collected  in  artificial  storage  or 
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"impounding"  reservoirs  created  by  throwing  a  dam  across  the 
lower  part  of  a  valley  of  a  natural  drainage  district.  Where  such  a 
source  of  supply  is  determined  upon,  it  is  necessary  to  remove  all 
sources  of  organic  contamination  on  the  watershed.  It  is  also 
necessary  to  clean  out  thoroughly  from  the  bottom  and  sides  of 
the  impounded  reservoir  all  dead  vegetation,  swampy  surface  muck, 
and  other  possible  and  originally  existing  sources  of  pollution. 

Quality  of  Water.  — Water  for  the  general  supply  of  buildings 
should  be  pure,  wholesome  and  fit  for  all  uses.  The  sources  of 
supply  should  be  thoroughly  investigated  and  the  quality  of  water 
determined  by  chemical,  bacteriological  and  microscopical  analyses. 
The  investigation  should  include  a  sanitary  inspection  and  survey 
of  the  surroundings  of  the  sources  of  supply. 

In  addition  to  determining  the  amount  of  vegetable  and  animal 
impurities  and  the  number  of  bacteria  in  the  water,  it  may  be  advis- 
able to  pay  attention  to  the  action  of  the  water  on  metals,  such  as 
lead  and  iron,  for  this  may  have  a  bearing  upon  the  choice  of  material 
for  distributing  and  service  pipes.  It  is  also  necessary  to  ascertain 
the  temporary  and  permanent  degree  of  hardness  of  the  water;  for 
however  excellent  some  waters  may  be,  they  may  be  so  hard  as  to  be 
unfit  for  laundry  and  boiler  use. 

Prevention  of  Contamination  of  the  Source  of  Supply.  —  When  a 
source  of  supply  has  been  selected,  stringent  measures  should  be 
taken  to  prevent  any  possible  contamination.  In  case  of  well 
water  and  rain  water,  these  measures  relate  chiefly  to  the  construc- 
tion of  the  well  or  cistern. 

Springs  should  be  protected  against  admission  of  surface  water, 
and  against  sewage  contamination.  Rivers  and  streams  used  for 
water  supply  may  be  protected  by  state  laws  prohibiting  the  dis- 
charge of  sewers,  drains  or  manufacturing  wastes  into  the  same. 
In  a  similar  way,  the  State  Board  of  Health  may  issue  rules 
and  regulations  for  the  protection  of  watersheds  for  water-supply 
purposes. 

Purification  of  Drinking- Water.  — The  water  supply  may  be 
purified,  on  a  large  scale,  by  a  system  of  central  filtration.  This  is 
accomplished  either  by  sand  filtration  in  large  artificial  basins  or  by 
the  use  of  mechanical  or  pressure  filter  plants.  Such  purification 
is  often  desirable  in  the  case  of  water  derived  from  rivers  or  lakes. 
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A  partial  clarification  of  muddy  water  may  be  obtained  by  simple 
sedimentation  in  settling  basins. 

Purification  by  aeration  and  distillation  is  not  well  adapted  for 
use  on  a  larger  scale. 

The  supply  of  water  for  drinking  purposes  may  be  improved  by 
boiling  all  water  for  table  use  and  subsequently  cooling  it  in  water 
coolers  with  double  chambers,  arranged  so  that  the  melted  ice  will 
not  mix  with  the  water. 

The  best  results  are  obtained  by  the  use  of  filters  in  candle  form 
and  consisting  of  porcelain  or  infusorial  earth,  which  although  slow 
in  action  yield  at  least  for  a  few  days  a  germ-proof  drinking-water. 

All  drinking-water  filters  should  be  cleaned  daily  with  brushes 
and  sterilized  in  hot  water  at  least  once  a  week. 

Germ-proof  water  for  use  in  the  surgical  operating  rooms  is  best 
obtained  by  using  one  of  the  water-sterilizing  apparatus  operated 
with  steam. 

Quantity.  — The  minimum  supply  of  water  to  be  provided  for 
public  institutions  per  head  per  day  is  50  United  States  gallons. 
Where  attention  is  paid  to  the  prevention  of  waste  of  water,  this 
quantity  will  prove  sufficient  for  all  needs. 

The  actual  quantity  of  water  used  in  many  hospitals  averages  at 
present  from  150  to  200  gallons  per  day,  much  of  which  is  doubt- 
lessly wasted.  Where  the  quantity  available  is  unlimited  and 
where  the  supply  is  by  gravity  this  waste  is  not  a  serious  matter. 
On  the  other  hand,  where  the  supply  is  variable  at  different 
seasons  of  the  year,  and  also  wherever  water  has  to  be  pumped 
and  possibly  filtered,  it  is  important  that  all  unnecessary  waste  be 
checked. 

Pressure.  —  Water  should  be  supplied  to  buildings  under  a  good 
and  constant  head  of  pressure.  The  pressure  on  the  highest  floor 
containing  plumbing  fixtures  should  be  ample,  and  it  is  desirable  that 
there  should  be  a  good  fire  pressure  at  the  fire  valves  located  in  the 
attic. 

For  fire  protection  the  pressure  at  the  highest  floor  of  a  building 
should  not  fall  below  25  pounds  per  square  inch;  it  is  desirable  that 
it  should  be  40  pounds.  Where  such  a  pressure  is  not  naturally 
available,  it  becomes  necessary  to  provide  elevated  storage  tanks  or 
else  to  install  a  fire  pump  furnishing  a  high  pressure. 
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Storage  of  Water.  — The  water  supplied  to  buildings  is  stored: 

(i)  in  open  or  covered  reservoirs  of  masonry  or  earth; 

(2)  in  open  or  enclosed  standpipes; 

(3)  in  elevated  tower  tanks; 

(4)  in  house  tanks; 

(5)  in  pressure  tanks. 

With  the  single  exception  of  the  system  of  direct  pumping  into 
the  main,  all  other  systems  of  water  supply  require  one  of  the  above 
means  of  storage.  The  principal  reasons  for  the  storage  of  water 
are:  • 

(a)  The  necessity  of  obtaining  a  suitable  head  of  water  for  fire  and  ' 
other  purposes. 

(b)  The  necessity  of  keeping  a  suitably  large  reserve  of  water 
stored,  upon  which  to  fall  back  in  case  of  accident  to  the  pumping 
plant,  or  in  case  of  the  shutting  down  of  the  steam  boilers  for  cleaning 
or  repairing,  also  where  night  pumping  is  to  be  avoided. 

It  is  the  province  of  the  experienced  hydraulic  engineer  to  deter- 
mine in  each  case  which  of  the  above  systems  should  be  used.  The 
topography  of  the  grounds  has  an  important  bearing  on  this  question. 

Standpipes.  —  Standpipes  are  cheaper  than  reservoirs  and  are 
better  for  obtaining  a  good  water  pressure  where  a  sufficiently 
elevated  site  for  the  reservoir  cannot  be  found.  Enclosed  stand- 
pipes  are  better  than  open  ones,  as  they  afford  protection  in  winter 
time  against  freezing. 

Reservoirs.  —  Covered  reservoirs  are  better  than  open  ones,  par- 
ticularly for  the  storage  of  filtered  water. 

Elevated  Tanks.  —  Elevated  tower  tanks  may  be  described  as 
standpipes  of  large  diameter,  having  their  bottom  raised  above  the 
ground  on  masonry  or  iron  supporting  towers. 

Pressure  Tanks.  —  Pressure  tanks  are  large  cylindrical  closed 
tanks,  made  of  tank  steel,  which  may  be  placed  in  cellars,  basements 
or  underground.  They  are  filled  about  two-thirds  or  three-fourths 
with  water  and  partly  with  compressed  air.  The  air  is  supplied  from 
air  compressors  directly,  or  else  indirectly  from  special  compressed 
air  tanks. 

House  Tanks.  —  As  a  rule,  it  is  recommended  to  avoid  the  use  of 
house  tanks  inside  of  hospital  buildings. 
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Systems  of  Supply.  — We  can  distinguish  two  principal  systems 
of  supply,  namely: 

(i)  The  gravity  system.  In  this  system  the  source  of  supply  is 
located  at  a  higher  elevation  than  the  reservoir,  and  so  much 
higher  that  the  water  can  be  conveyed  to  the  buildings  entirely  by 
gravity. 

(2)  The  pumping  system.  In  this  system  the  source  of  supply  is 
located  below  the  site  of  the  buildings,  or  at  such  a  level  above  it 
that  it  would  come  to  the  buildings  without  sufficient  pressure.  In 
both  cases  the  water  must  be  pumped. 

In  the  pumping  systems  we  have  the  following  sub-divisions, 
namely: 

{a)  Pumping  into  a  reservoir. 

(b)  Pumping  into  standpipes  or  elevated  tanks; 

(c)  Pumping  into  tanks  under  compressed  air  pressure; 

(d)  Pumping  directly  into  the  mains; 

The  systems  named  are  placed  in  their  order  of  merit  or  superiority. 
Where  water  is  pumped  directly  into  the  mains,  no  storage  is,  of 
course,  available  for  fire  purposes,  and  this  necessarily  involves  a 
complete  duplicate  pumping  plant  to  guard  against  a  water  famine 
in  case  of  a  break-down  of  the  machinery.  The  system  of  pumping 
into  a  standpipe  provides  a  pressure  suitable  for  fire  purposes  and 
also  a  small  reserve  supply.  Pumping  into  undergroimd  pressure 
tanks  has  many  advantages  over  the  system  of  pumping  into  stand- 
pipes.  A  pumping  plant,  furnishing  water  to  an  elevated  reservoir, 
constitutes  the  best  system. 

Systems  of  Distribution.  —  From  the  place  of  storage  the  water  is 
conducted  to  the  buildings  through  lines  of  distribution  conduits. 
Where  these  lines  are  constantly  kept  filled,  the  system  is  called  the 
constant  service;  where  the  mains  are  only  kept  supplied  during  a 
part  of  the  day,  the  system  is  called  the  intermittent  service.  The 
constant  service  has  so  many  advantages  for  all  purposes,  as  to  make 
it  the  only  one  to  be  considered  fit  for  a  hospital. 

The  system  of  distribution  should  be  arranged  on  one  of  the 
following  plans,  namely: 

(i)  The  circulating  or  "  loop"  system; 

(2)  The  ramifying  system. 

In  the  ramifying  system  the  water  pipes  are  arranged  similar  to 
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the  trunk  and  branches  and  twigs  of  a  tree,  being  reduced  in  diameter 
towards  the  ends  and  forming,  as  it  were,  many  dead  ends. 

In  the  circulating  system  all  dead  ends  are  avoided,  the  mains 
being  laid  of  suitable  size  all  around  the  principal  buildings  and 
connected  together  by  means  of  valves  or  shut-offs.  This  system 
insures  a  continued  supply  of  water  to  all  parts  of  the  buildings  in 
case  of  the  bursting  of  a  watermain.  It  also  prevents  the  stagna- 
tion of  water  at  the  furthest  ends  of  the  mains. 

Pumping  Plant.  —  The  pumping  machinery  of  a  hospital  or 
institution  comprises  steam  boilers,  engines,  pumps,  fire  pumps, 
etc.  It  forms  a  large  and  important  mechanical  equipment,  the 
details  of  which  are  too  numerous  to  be  described  here. 

In  all  cases  ample  boiler  power  should  be  provided.  All  pumps 
should  be  in  duplicate  to  guard  against  a  possible  breakdown  in  the 
machinery. 

Details  of  Water  Supply.  —  Water  Mains.  —  Underground  water 
mains  for  the  distribution  of  water  shall  be  cast-iron  pipes  of  the 
kind  usually  known  as  "hub  and  spigot."  The  pipes  shall  be 
about  twelve  feet  in  length  and  shall  have  approved  forms  and 
dimensions  of  the  hub  and  spigot  ends. 

The  weight  and  thickness  of  the  pipes  shall  conform  to  the  follow- 
ing figures: 


THICKNESS   AND   WEIGHTS   OF  CAST-IRON  PIPES. 


Weights. 

Diameter  in  inches. 

Thickness  in  inches. 

Per  ft. 

Per  lenffth. 

Pounds. 

Pounds, 

Pounds. 

Pounds. 

3 

1 

14.80 

177 

4 

21.16 

254 

6 

i 

34.47 

414 

8 

1 

49.94 

599 

lO 

07.72 

813 

12 

87.67 

1052 

Cast-iron  pipe  of  the  thickness  and  weight  given  in  above  table 
is  suitable  for  water  pressure  from  fifty  to  one  hundred  pounds  per 
square  inch,  the  latter  being  equivalent  to  a  head  or  pressure  of 
230  feet.    For  light  water  pressure,  not  exceeding  at   any   tim« 
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50  pounds  per  square  inch,  a  lighter  quality  of  cast-iron  pipe  may 
be  used  as  per  table  below: 


Weights. 

Diameter  in  inches. 

Per  ft. 

Per  length. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

3 

K 

X3-9I 

167 

4 

¥ 

19.79 

237 

6 

A 

3157 

379 

8 

i 

44-53 

534 

10 

^ 

59.47 

714 

12 

A 

75-91 

911 

Each  pipe  shall  have  the  initials  of  the  maker's  name  cast  in  raised 
letters  on  its  outside;  and  the  weight  of  each  length  of  pipe  shall  be 
painted  on  the  same  with  white  lead. 

All  cast-iron  pipes  shall  be  subject  to  careful  examination  and 
hammer  test.  All  pipes  shall  be  free  from  sand  holes,  air  bubbles, 
flaws,  cracks  and  other  imperfections;  truly  cylindrical  in  the  bore, 
straight  in  the  axis,  and  internally  of  the  full  diameter  specified. 
All  pipes  shall  have  ample  joint  room  in  the  sockets.  Pipes  shall  be 
cleaned  and  freed  from  rust  or  sand  and  then  coated  with  a  solution 
of  hot  coal-tar  pitch. 

Universal  ttpe.  — Mention  should  be  made  of  the  new  *' Uni- 
versal "  cast  iron  pipe  and  fittings,  which  are  put  together  by 
means  of  bolts,  and  which  have  many  advantages  over  the  type  of 
water  pipe  with  sockets. 

Fittings  or  Special  Castings.  —  Branches  and  all  other  fittings  or 
"specials"  shall  conform  in  weight  and  thickness  of  iron  to  the  pipes. 

Sizes  of  Water  Mains.  —  The  size  of  the  principal  main  for  a  group 
of  buildings  depends  upon  the  amount  of  water  to  be  furnished  for 
consimiption  and  upon  the  available  pressure.  It  should  never  be 
less  than  8  inches  in  diameter.  The  principal  laterals  for  buildings 
should  be  6  and  4  inches  in  diameter,  at  least  to  the  point  where  the 
branches  for  outside  hydrants  are  taken  off. 

For  quantity  of  water  delivered  by  mains  of  different  diameters, 
different  lengths  and  under  different  heads  of  pressure,  see  Diagram 
Plate  4  and  also  Diagram  Plates  15  and  16. 

Mr.  Geo.  T.  Prince,  Chief  Engineer  of  the  Denver  Union  Water 
Company,  has  kindly  written  me  the  following  explanation  regarding 
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the  construction  of  the  logarithmic  diagram  in  R.  D.  Wood^s  cata- 
logue, of  which  I  give  only  a  part  (for  the  smaller  sizes  of  water  pipes, 
see  Diagram  Plate  15). 

The  diagram  was  constructed  in  1898  and  published  first  in 
Engineering  News.  It  was  planned  after  a  smaller  one,  designed 
by  A.  von  Muyden,  which  was  based  upon  the  metric  system.  Mr. 
Prince  adapted  the  design  to  the  Weston  tables,  which  are  based 
upon  the  formula  of  Darcy. 

While  the  diagram  may  not  be  mathematically  exact,  its  designer 
has  found  it  to  meet  all  requirements  of  the  practice,  and  others  have 
told  him  that  they  found  it  sufficiently  accurate  for  all  practical 
purposes. 
In  the  diagram  — 

The  vertical  lines  indicate  frictional  head  in  feet  per  1000  feet  of 

run; 
The  horizontal  lines  indicate  the  internal  diameter  of  the  pipe 

in  inches; 
The  lines  slightly  inclined  to  the   horizontal  indicate  capacity 

or  discharge  in  United  States  gallons  per  minute; 
The  lines  inclined  approximately  at  45  degrees  to  the  horizontal 
indicate  velocity  of  flow  in  feet  per  second. 
The  use  of  Diagram  Plate  16,  prepared  by  Adams  and  Gem- 
mell,  is  explained  in  the  printed  note  imder  the  diagram. 

Sizes  of  Service  Pipes  or  Branches  to  Buildings.  —  The  size  of  the 
service  to  each  building  depends  upon  the  number  of  water-taps 
and  fixtures  in  the  same.  As  a  rule,  a  three-inch  service  main  is 
required,  particularly  where  there  are  inside  fire  standpipes. 

For  discharges  of  service  pipes  of  different  diameter  under  diflFerent 
pressures,  see  Diagrams,  Plate  5  and  Plate  6.  See  also  the  author's 
diagrams  in  Chapter  VI,  Plates  7,  8,  9. 

Diagram  Plate  17,  taken  from  Engineering  News,  gives  the  Dis- 
charge of  Service  Pipes,  from  curves  plotted  by  Adams  and  Gemmell. 
An  explanation  of  the  use  of  the  Diagram  is  printed  below  the 
same. 

Valves.  —  All  valves  for  water-supply  pipes  shall  be  heavy  brass- 
mounted  iron-body  straightway  gate  valves,  with  hubs  at  both  ends, 
and  with  cap  nuts  attached  to  the  valve  stems.  The  direction  in 
which  the  valve  opens  and  closes  shall  be  indicated  by  an  arrow 
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Diagram  i6.     Frictional  head  in  clean  cast  iron  pip>e  per  i,ooo  feet. 

Diag.  I.     Fanning's  formula  for  frictional  head  in  feet  for  flow  in  clean  cast  iron 

pipes  from  4  to  14  inches  in  diameter,  h  =  v*  (4  m)  — --     Take  flow  in  cubic  feet  per 

minute  on  left  hand  vertical  scale  and  find  frictional  head  in  feet  for  each  1,000  feet  in 
length  of  pip>e  on  the  bottom  horizontal  scale. 

Diag.  2.  Same  formula  as  in  Diag.  i,  16  to  36-inch  cast  iron  pipe.  Take  flow  in 
cubic  feet  per  minute  on  right  hand  vertical  scale  and  find  frictional  head  in  feet  for 
each  1,000  feet  in  length  of  pii>e.on  the  top  horizontal  scale. 
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Diagram  17.     Frictional  head  in  service  pipes  per  i<x>  feet  of  length. 
Diag.  I.     Fanning's  formula  for  frictional  head  in  clean  service  pipe  from  J  to  i} 

I 


inches  in  diameter,  h  =  v'  (4  m) 


2gd* 


Take  flow  in  gallons  per  minute  on  left  hand 


vertical  scale  and  find  frictional  head  in  feet  for  each  100  feet  in  length  of  pipe  on 
bottom  horizontal  scale.  * 

Diag.  2.  Same  formula  as  in  Diag.  i  for  2  to  3  inches  service  pipes.  Take  flow 
in  gallons  per  minute  on  right  hand  vertical  scale  and  find  frictional  head  in  feet  for 
each  100  feet  in  length  of  pipe  on  top  horizontal  scale. 
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cast  on  to  the  cap.  It  is  necessary  that  all  gate  valves  should  open 
in  the  same  direction. 

All  valves  larger  than  four  inches  in  diameter  shall  be  furnished 
under  special  detailed  specifications. 

Valve  Boxes.  —  All  underground  valves  on  water  mains  shall  be 
kept  accessible  by  means  of  cast-iron  valve  curbs  or  boxes  furnished 
with  frame  and  cover. 

Fire  Hydrants.  —  The  fire  hydrants  of  a  hospital  shall  be  of  a 
uniform  pattern,  with  standard  fire-department  connections.  All 
hydrants  shall  be  post  hydrants,  either  single  or  double,  anti-freezing 
and  provided  with  frost  cases.  Each  hydrant  shall  be  controlled 
by  a  separate  gate  valve,  and  these  shall  be  provided  with  indicator 
posts,  or  means  for  showing  positively  whether  the  imderground 
valves  are  open  or  closed.  These  posts  are  better  than  ordinary 
valve  boxes  and  do  away  with  the  annoyance  and  delay  occasioned 
by  searching  for  a  valve  box  which  may  have  been  covered  with 
dirt  or  snow. 

The  number  of  fire  hydrants  to^  be  provided  depends  upon  the 
size,  number  and  extent  of  the  hospital  buildings.  The  distance 
between  the  hydrants  shall  not  be  more  than  250  feet.  It  is  true 
economy  to  provide  a  large  number  of  hydrants,  as  the  amount  of 
fire  hose  required  will  be  thereby  reduced.  All  hydrants  shall  be 
provided  with  caps.  Wrenches  and  spanners  shall  be  provided  for 
operating  the  hydrants  and  are  best  kept  on  the  hose  carts. 

Hydrants  shall  be  set  far  enough  from  the  buildings  to  escape 
injury  from  falling  walls,  also  to  permit  the  men  of  the  fire  brigade 
to  operate  the  hydrants  during  a  fire. 

All  fire  hydrants  shall  be  regularly  tested  and  inspected,  both  in 
summer  and  in  winter. 

Lajring  of  Water  Mains.  — Trenches.  All  water  mains  shall  be 
laid  in  open  trenches  dug  in  accordance  with  lines  and  grades  given. 

Width  of  Trenches.  —  The  trench  shall  be  sufficiently  wide  in  the 
bottom  to  enable  the  proper  calking  of  the  pipe  joints. 

Depth  of  Trenches.  —  Water  pipes  shall  be  laid  in  the  trenches  at 
a  depth  not  less  than  4  feet  6_  inches  below  the  finished  grade  level. 
This  is  necessary  to  prevent  the  freezing  of  the  pipes;  ako  to  pre- 
vent any  damage  to  the  pipes  at  road  crossings,  etc.;  also  to  prevent 
the  water  in  the  pipes  from  becoming  warmed  by  the  sun's  rays. 
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Alignment  and  Grade.  — All  pipes  and  specials  shall  be  laid  in 
the  trenches  according  to  the  alignment  and  grade  given. 

Blow-offs.  —  At  the  low  points  in  the  distribution  system  suit- 
able blow-off  gate  valves  shall  be  provided  except  where  the  fire 
hydrants  will  answer  for  this  purpose).  The  blow-off  pipes  shall 
discharge  into  surface  ditches  or  into  sewer  manholes. 

Back-filling.  —  In  refilling  the  pipe  trenches,  all  earth  shall  be 
carefully  packed  and  well  ranmied  to  prevent  after-settlement. 
No  stones  shall  be  used  in  the  filling.  The  trenches  shall  be  filled 
up  to  grade  and  the  original  surfaces  shall  be  restored. 

Laying  Pipes.  —  In  laying  pipes  the  spigot  ends  shall  be  so  ad- 
justed in  the  sockets  as  to  give  a  imiform  space  all  aroimd,  which 
must  be  at  least  A  inch  in  thickness.  Care  shall  be  taken  to  have 
the  pipes  bedded  solid  on  their  entire  length.  Grooves  for  the 
sockets  shall  be  cut  in  the  bottom  of  the  trenches. 

Pipe  Jointing.  —  All  joint  spaces  shall  be  carefully  wiped  clean 
and  dry.  Each  joint  shall  be  well  packed  with  clean  sound  hemp 
or  oakum,  braided  or  twisted  in  gaskets.  These  shall  be  driven 
tighdy  into  the  joint  in  such  a  manner  as  to  leave  a  depth  for  lead 
of  not  less  than  2f  inches. 

Lead  used  for  calking  shall  be  of  best  quality  soft  pig  lead,  free 
from  all  imperfections.  The  joints  shall  be  calked  by  experienced 
calkers,  and  the  lead  shall  be  made  flush  with  the  face  of  the  socket. 
All  joints  shall  be  made  perfectly  water-tight. 

Testing  of  Pipe  Lines.  —  Each  pipe  line  as  soon  as  completed 
shall  be  tested  under  hydrostatic  pressure  of  loo  pounds  per  square 
inch.  All  pipes  shall  be  tested  with  the  hammer;  all  joints  shall 
be  inspected  and  made  perfectly  water-tight  before  the  trenches 
can  be  refilled. 

House  Tanks.  Size  and  Shape.  —  The  dimensions  and  sizes  of 
house  tanks  depend  upon  the  number  of  fixtures  supplied  from 
them.  No  general  rules  as  to  size  can  be  given.  The  shape  is 
either  rectangular  or  round. 

Material.  — House  tanks  are  made  either  of  wooden  staves  or 
of  wooden  planks;  of  slate,  of  cast  iron,  or  of  boiler  iron  or  tank 
steel.  Wooden  tanks  are  lined  with  tinned  copper  of  at  least  i6 
ounces  weight.  Lead-lined  tanks  are  not  recommended,  on  account 
of  the  danger  of  the  water  becoming  poisoned  with  lead.     For  a 
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similar  reason  zinc  linings  and  galvanized  tanks  are  not  recom- 
mended. Sectional  cast-iron  tanks  are  inferior  to  well-riveted 
boiler-iron  tanks. 

Covers  for  Tanks  and  Ventilation.  —  All  house  tanks  shall  be 
provided  with  covers  to  exclude  dirt  and  dust  and  to  prevent  con- 
tamination of  the  water.  All  tanks  shall  be  suitably  ventilated  to 
the  outer  air.  Means  shall  be  provided  for  emptying  the  house 
tanks  (the  supply  lines  to  fixtures  should  not  be  used  for  emptying 
a  tank). 

Safes  for  Tanks.  — House  tanks  shall  be  fitted  up  with  lead  or 
boiler-iron  safes  under  the  tanks,  to  catch  small  leaks  or  drippings 
due  to  condensation.  The  safe  waste  shall  not  be  connected  with 
any  drain  or  soil  pipe,  but  shall  be  carried  to  a  cellar  sink. 

Location  of  Tanks.  —  House  tanks  shall  be  located  away  from 
all  possible  sources  of  water  contamination,  also  from  the  open 
mouths  of  soil  or  vent  pipes.  They  shall  not  be  situated  where  they 
may  be  exposed  to  freezing. 

Tank  Supports.  —  All  house  tanks  should  be  properly  and  safely 
supported  on  strong  iron  beams  carried  by  the  main  brick  walls 
and  calculated  to  carry  the  full  weight  of  the  tank  when  filled  with 
water. 

Tank  Overflow.  —  Each  tank  shall  have  an  overflow  pipe  and 
this  shall  not  be  connected  with  a  soil  or  waste  pipe,  but  shall  be 
carried  to  the  roof  gutter  or  else  to  a  cellar  sink. 

Inside  Fire  Standpipes.  — All  buildings  shall  be  equipped  with 
inside  fire  standpipes.  Each  building  shall  have  from  one  to  three 
lines,  depending  upon  its  size,  with  outlets  on  each  floor,  including 
the  basement  and  the  attic. 

The  diameter  of  the  standpipes  shall  be  from  three  to  four  inches; 
the  material  shall  be  extra  heavy  galvanized  screw-jointed  wrought- 
iron  pipe.  Standpipes  shall  be  located  in  halls  and  in  heated  stair- 
cases, but  in  no  case  where  there  is  danger  that  the  pipes  might 
freeze. 

The  branches  for  inside  fire  valves  shall  be  ij  inches,  and  the 
outlets  shall  be  placed  about  6^  feet  from  the  floor  line,  to  bring  the 
fire  valve  out  of  reach  of  patients. 

In  the  basement,  the  fire  standpipes  shall  be  connected  with  the 
supply  mains  of  each  building.     The  running  lines  in  the  basement 
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shall  be  preferably  placed  below  the  cellar  floor,  at  such  a  depth 
as  to  be  safe  from  injury  from  falling  walls. 

Fire  Valves.  —  Fire  valves  shall  be  extra  heavy  brass  or  steam- 
metal  fire  valves,  of  the  full  waterway  or  gate  pattern,  and  not 
globe  valves.  The  size  of  fire  valves  for  use  on  the  fire  stand  pipes 
shall  be  li  inches. 

Fire  Hose  for  Hydrants. — The  fire  hose  for  outdoor  hydrants 
shall  be  best-quality  rubber-lined  cotton  or  linen  fire  hose,  2^ 
inches  inside  diameter  and  provided  with  standard  fire-department 
couplings.  All  hose  shall^  be  tested  and  of  make  approved  by  the 
Board  of  Fire  Underwriters. 

For  each  hydrant  at  least  loo  feet  of  hose  shall  be  provided. 
When  operating  the  fire  hose  during  a  fire,  remember  that  the 
shorter  the  line  of  hose  the  less  loss  of  pressure  by  friction  will 
occur  and  the  more  effective  will  the  fire  stream  be. 

Fire  Hose  for  Inside  Use.  —  The  fire  hose  for  inside  use  shall  be 
best-quality  unlined  linen  fire  hose,  warranted  not  to  leak  and  to 
stand  a  pressure  of  400  pounds  per  square  inch.  All  fire  hose  shall 
be  of  quality  approved  by  the  Board  of  Underwriters  and  in  accord- 
ance with  their  special  specifications.  A  good  twilled-cotton  rubber- 
lined  fire  hose  is  also  to  be  approved,  provided  the  rubber  lining  is 
not  too  heavy.  The  inside  diameter  of  all  fire  hose  for  inside  use 
shall  be  i^  inches. 

Hose  Reels  or  Racks,  Hose  Couplings  and  Fire  Nozzles.  —  All 
inside  fire  hose  shall  be  supported  on  hose  reels  or  racks.  At  each 
hose  reel  or  fire  valve  a  hose  spanner  shall  be  provided.  The  fire 
hose  shall  have  standard  couplings. 

At  each  fire  valve  provide  in  connection  with  the  fire  hose  a  brass 
or  nickel-plated  fire  nozzle,  same  to  be  at  least  15  inches  long, 
smooth  on  the  inside,  of  standard  fire-department  pattern,  and  with 
either  i-inch  or   i|-inch  nozzle  opening. 

Discharges  of  Fire  Nozzles.  —  In  Chapter  VI  is  given  a  table. 
No.  XIII,  computed  by  Mr.  J.  R.  Freeman,  C.  E.,  giving  useful 
data  on  fire  streams,  for  different  sizes  of  hose  nozzles  and  for 
different  pressures. 

Diagram  Plate  10  in  the  same  chapter  is  based  on  formulae  de- 
duced by  Mr.  Freeman,  and  plotted  by  Mr.  John  W.  Hill,  C.  E.  It 
gives  the  altitude  of  fire  streams  for  different  sizes  of  smooth 
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nozzles  and  difiFerent  pressures,  and  the  discharge  per  minute  in 
United  States  gallons  for  different  smooth  nozzles. 

Rain-water  Cisterns.  —  Rain-water  cisterns  shall  be  built  of  brick- 
work, laid  in  hydraulic-cement  mortar,  and  built  perfectly  water- 
tight. The  size  of  cisterns  depends  upon  the  size  of  roof  area 
drained  into  the  same.  All  cisterns  shall  be  covered  over,  and  pro- 
tected from  surface  pollution,  but  shall  also  be  ventilated,  where  the 
rain  water  is  used  for  drinking  purposes.  Cisterns  shall  be  made 
accessible  for  cleaning  by  means  of  brick  manholes  with  tight-fitting 
covers. 

It  is  recommended  to  provide  all  leaders  discharging  into  cisterns 
with  reversible  cut-offs  to  permit  the  first  wash  from  roofs  to  be  run 
to  waste. 

A  useful  addition  to  a  rain-water  cistern  is  a  filtering  chamber. 

Hot-water  Supply.  —  Hot  water  shall  be  obtained  by  means  of 
large  closed  boiler  iron  or  steel  tanks,  circular  in  shape,  and  of 
diameter  and  length  determined  by  the  amount  of  hot  water  re- 
quired. It  is  advisable  to  have  the  tanks  galvanized  to  prevent 
rusting.  The  water  shall  be  heated  by  steam  coils  placed  inside 
of  the  tanks.  The  coils  shall  be  either  of  iron  or,  better,  of  brass 
or  copper. 

The  temperature  of  the  hot  water  shall  be  controlled  by  automatic 
temperature  regulators  or  thermostats.  All  hot-water  tanks  shall 
be  covered  with  best-quality  non-conducting  covering  to  prevent 
loss  of  heat. 

A  special  form  of  hot-water  tank  is  the  Tobey  heater,  see 
Fig.  192,  Chapter  VI,  which  is  provided  with  appliances  for  auto- 
matic regulation  of  the  temperature  of  hot  water  to  any  desired 
degree. 

For  bathing  houses,  spray  baths,  etc.,  hot- water  tanks  may  be 
dispensed  with  when  the  "Gegenstrom"  apparatus  is  used. 

Wherever  exhaust  steam  is  available,  it  is  a  common  practice  to 
use  hot-water  heaters  similar  in  shape  and  design  to  the  regular 
Berryman  steam-tube  feed- water  heaters.     (See  also  Chapter  VI.) 

Plan  of  Water  Supply.  —  Each  hospital  shall  have  special  maps 
and  plans  showing  the  existing  system  of  water  supply.  These  maps 
shall  be  drawn  on  sheets  of  standard  size,  viz. :  2(f  X  38'',  with  a 
one-inch  margin.     The  scale  of  the  map  shall  not  be  less  than  one 
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inch  to  a  hundred  feet.  The  map  shall  show  the  location  of  reser- 
voirs, standpipes,  pumping  stations,  of  all  water  mains,  branches 
to  buildings,  location  of  shut-off  gate  valves,  fire  hydrants,  blow- 
offs,  etc.     All  details  shall  be  drawn  to  a  larger  scale. 

For  new  hospitals  or  buildings,  plans  drawn  to  scale  and  show- 
ing clearly  the  system  prdposed  shall  be  submitted  for  approval. 


APPENDIX  A. 


DEFINITIONS. 

For  a  proper  and  correct  understanding  of  the  subject  I  give  a 
number  of  definitions  of  terms. 

I.   Sanitation  and  Sanitary  Engineering. 

Sanitary  Science  is  the  science  pertaining  to  the  maintenance  of 
health  and  to  the  prevention  of  disease,  both  of  communities  and  of 
individuals. 

Sanitaiion  signifies  the  practical  application  of  the  teachings  of 
sanitary  science  to  secure  or  maintain  healthful  conditions;  it  also 
means  the  removal  of  all  elements  tending  to  injure  public  or  indi- 
vidual health  and  the  contriving  of  measures  for  the  preservation 
or  the  promotion  of  the  public  health. 

A  Sanitarian  is  a  promoter  or  advocate  of  measures  intended  for 
the  preservation  of  health;  a  person  interested  in  sanitary  measures 
or  reforms;  a  health  reformer;  a  person  skilled  in  the  practice  and 
theory  of  sanitary  science. 

The  term  Sanitary  and  Sanatory  are  not  synonymous,  although 
they  are  frequently  so  used :  Sanitary  means  anything  pertaining  to 
health,  while  Sanatory  means  serving  to  heal  (therapeutic). 

Sanitary  Engineering  designates  a  special  branch  of  the  art  and 
science  of  civil  engineering.*  Although  classed  among  the  newer 
professions,  it  comprises  a  great  many  subjects  and  much  more  than 
is  commonly  understood  by  the  tfrm.  All  acquainted  with  the 
immense  progress  made  during  the  past  century  in  civil  engineering, 
know  that  the  field  has  become  too  large  to  be  mastered  thoroughly 
by  one  mind.  Hence  engineers  began  to  devote  their  attention  to 
one  single  branch  and  in  this  way  several  important  specialties  arose, 
among  others  the  one  termed  "Sanitary  Engineering." 

*  See  Gerhard,  "Sanitation  and  Sanitary  Engineering.''  Second  Eklition,  revised 
and  enlarged,  1909. 

427 


428  THE  WATER  SUPPLY,   SEWERAGE  AND 

A  Sanitary  Engineer  is  an  engineer  who  carries  out  those  works 
of  civil  engineering  which  have  for  their  object: 

(a)  The  promotion  of  the  public  and  individual  health; 

(6)  The  remedying  of  unsanitary  conditions; 

(c)  The  prevention  of  epidemic  diseases. 

A  well-educated  sanitary  engineer  must  have  a  thorough  knowl- 
edge of  general  civil  engineering,  of  architecture,  and  of  sanitary 
science.  The  practice  of  the  sanitary  engineer  embraces  water 
supply,  sewerage,  sewage  and  garbage  disposal,  for  cities  and  for 
single  buildings;  the  prevention  of  river  pollution,  the -improvement 
of  polluted  water  supplies;  street  paving  and  street  cleaning;  muni- 
cipal sanitation,  city  improvement  plans,  the  laying-out  of  cities, 
the  preparation  of  sanitary  surveys,  the  regulation  of  noxious  trades, 
disinfection,  cremation  and  the  sanitation  of  buildings. 

The  requirements  of  modem  buildings  are  so  complex  that  they 
have  given  rise  to  several  departments  of  domestic  engineering,  of 
which  the  sanitary  is  one  of  prime  importance. 

It  is  not  the  special  province  of  the  sanitary  engineer  to  take  up 
the  question  of  preventable  diseases  and  their  causes,  neither  can 
he  profess  to  have  an  intimate  knowledge  of  medical  science  and 
bacteriology.  But  he  should  be  well  acquainted  with  sanitary 
science  and  with  the  general  health  axioms,  upon  which  all  practical 
sanitary  progress  is  based.  He  should  also  possess  some  knowledge 
of  chemistry,  of  chemical  engineering,  and  of  bacteriology. 

There  is  a  large  and  growing  field  for  the  work  of  the  sanitary 
engineer,  which  also  includes  expert  services  in  the  courts,  and 
special  work  of  great  importance  arising  during  epidemics,  in  war 
time,  and  after  floods,  inundations,  earthquakes  and  other  public 
calamities.  Conscientious,  accurate  and  intelligent  work,  coupled 
with  a  broad  general  culture,  is  the  key  to  success  in  this  as  in  other 
professions.  • 

II.   Drainage  and  Sewerage. 

Drainage.  —  This  word  originally  applied  to  the  removal  of  sur- 
plus water  from  the  soil.  This  removal  is  accomplished  by  open 
channels,  ditches,  stone  trenches,  or  else  by  covered  underground 
pipes  or  tile  conduits. 

Such  conduits  are  generally  called  "  drains  "  to  distinguish  them 
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from  "  sewers  "  which  are  the  conduits  intended  for  the  removal 
of  fouled  waste  water  or  sewage.  Unfortunately,  this  distinction  is 
not  ordinarily  made.  The  word  "  house  drain  "  is  often  improperly 
applied  to  pipe  channels  which  remove  house  sewage,  although 
drains  for  the  house  are,  more  accurately  defined,  pipes  removing 
the  surplus  or  soil  moisture,  the  subsoil  water,  from  building  sites. 

In  the  New  York  building  law,  for  instance,  the  term  "  house  drain  "  is 
defined  as  "4hat  part  of  the  main  horizontal  drain  and  its  branches  inside  the 
walls  of  the  building,  and  extending  to  and  connecting  with  the  outside  house 
sewer." 

Inasmuch  as  the  term  "  to  drain  "  means  to  draw  off  gradually, 
to  remove  by  degrees,  it  is  more  correct  to  restrict  the  term  drain 
pipes  to  pipes  receiving  subsoil  water,  and  to  call  pipes  which  remove 
the  sewage  from  houses  "  house  sewers." 

An  axiom  of  sanitary  engineering  is  that  a  sewer  should  never 
perform  the  function  of  a  drain,  and  conversely,  drains  should  never 
be  used  as  sewers.  Drains  are  usually  circular  and  made  of  earthen- 
ware, which  may  be  either  porous  and  unglazed  or  else  glazed  or 
vitrified. 

Sewage  signifies  the  semi-liquid  and  liquid  waste  matters  (some- 
times diluted  by  the  admission  of  rain  water)  from  buildings,  which 
are  removed  by  means  of  sewers,  including  also  the  waste  water 
from  stables,  from  manufacturing  establishments  and  other  sources. 

Sewers  are  conduits  of  brickwork,  or  channels  of  vitrified  cement, 
or  iron  pipe,  intended  for  the  removal  of  the  liquid  or  semi-liquid 
wastes  from  habitations,  and  in  some  cases  of  the  storm  water 
falling  upon  roofs,  yards,  areas  and  courts. 

We  distinguish  between  street  sewers  and  house  sewers,  the  former 
provided  by  the  mimicipality  and  laid  in  the  public  streets  or  alleys 
and  being  intended  for  all  the  houses  and  lots  composing  a  city 
block  or  blocks.  The  house  sewers  are  the  lateral  branches  for 
each  individual  building,  and  are  provided  by  the  lot  owners. 

The  New  York  Building  Department  defines  the  house  sewer  as  "  that 
part  of  the  main  sewer  of  a  building  extending  from  a  point  two  feet  outside 
of  the  outer  face  of  the  outer  front  vault  or  area  wall  to  its  connection  with  a 
public  or  private  sewer  or  cesspool."  The  entire  horizontal  part  of  the  pipe 
conduits  within  the  house  is  defined  as  "  house  drains."  (See  also  under 
Drainage.) 
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Sewerage  signifies  a  system  of  sewers  or  underground  channels  or 
conduits  for  villages,  towns  or  cities  for  carrying  oS  sewage  or  liquid 
refuse  and  sto^^m  water.  Where  the  sewers  receive  liquid  household 
wastes  only ,^  the  system  is  called  the  "  separate  system"  and  where 
the  rainfall  and  the  sewage  are  removed  in  the  same  channels,  the 
system  is  called  the  "  combined  system." 

Sewer  air,  or  as  usually  and  improperly  termed,  "  sewer  gas," 
denotes  the  contaminated  air  of  sewers,  house  drain3,  soil,  waste 
and  vent  pipes.  It  is  more  correct  to  speak  of  sewer  "  air,"  because 
a  distinct  gaseous  substance  called  "  sewer  gas  "  does  not  exist. 

Sewer  air  is  a  mechanical,  ever-varying  mixture  of  common  air 
with  a  number  of  gases,  due  to  the  decomposition  of  animal  and 
vegetable  matter,  such  as  carbonic  oxide,  ammonia,  carbonate  and 
sulphide  of  ammonia,  sulphureted  hydrogen  and  marsh  gas.  Sewer 
air  also  contains  organic  vapors  and  microscopic  germs  or  bacteria. 

III.     Water  Supply  and  Hydraulics. 

Hydraulics  is  a  branch  of  the  physical  sciences  which  deals  with 
the  laws  of  liquids  in  motion.  In  engineering,  hydraulics  desig- 
nates the  art  or  science  which  deals  with  problems  of  flowing  water, 
or  water  in  motion.  The  rules  of  theoretical  hydraulics  and  the 
results  of  observations  and  experiments  are  applied  in  it  to  problems 
of  hydraulic  engineering,  such  as  the  mechanical  utilization  of 
the  force  of  flowing  water,  the  conveyance  of  water  for  useful  pur- 
poses, the  regulation  of  water  flowing  in  water  courses,  etc.  The 
word  is  derived  from  the  Greek  word  "  Hydor,"  which  means 
water. 

Hydraulic  Engineering  is  the  science  and  art  of  engineering 
pertaining  to  works  of  water  supply.  A  knowledge  of  theoretical 
hydrostatics  and  hydrodynamics  is  essential  to  the  hydraulic  engineer 
in  his  work.  Theoretical  hydraulics  comprises  the  principles  of 
hydrostatic  and  hydrodynamic  pressure,  flow  of  water  through 
orifices  and  nozzles,  over  weirs  and  through  pipes  and  open  channels, 
and  a  knowledge  of  hydraulic  measurements.  Practical  hydraulics 
comprise  water  supply  and  waterworks,  water  power  and  water 
power  plants,  hydraulic  motors,  irrigation  works,  canal,  river  and 
harbor  works  and  navigation.  Sewerage  and  sewage-disposal  works 
may  also  be  included  in  hydraulic  engineering. 
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Hydrodynamics  from  "  hydor,"  water,  and  "  d3aiamics/'  power, 
signifies  the  science,  or  branch  of  mechanics,  which  treats  of  the 
dynamic  force  of  fluids,  such  as  water.  It  deals  with  the  laws  of 
flow,  impulse  and  power  of  water.  It  is  also  called  hydrome- 
chanics, and  sometimes,  though  rarely,  hydrokinetics. 

Hydrostatics,  from  "  hydor  "  and  "  statike,"  Greek,  for  to  stand, 
signifies  the  branch  of  science  or  of  mechanics,  which  deals  with  the 
mechanical  properties  of  fluids  in  a  state  of  rest,  principally  the 
pressure  and  equilibrium  of  water.  The  fluids  may  be  elastic  or 
incompressible,  like  water.  It  is  usual  to  restrict  the  term  hydro- 
statics to  incompressible  fluids  like  water. 

The  term  water-supply  system  designates  an  artificially  constructed 
system,  designed  by  hydraulic  engineers  and  intended  to  furnish  to 
villages,  towns  and  cities,  and  to  their  buildings  a  supply  of  water 
for  domestic  purposes,  for  use  in  manufacturing  establishments,  for 
fire-extinguishing  purposes,  for  street  sprinkling,  sewer  flushing  and 
other  uses. 

The  term  waterworks  usually  signifies  a  system  of  pumping 
machinery,  in  special  buildings,  together  with  all  the  required  ap- 
pliances for  furnishing  a  water  supply  for  a  village,  city  or  a  group 
of  buildings. 

In  a  more  general  sense  it  comprises  the  works  for  the  collection, 
storage,  purification  and  distribution  of  water. 

A  pumping  station  or  pump  house  is  the  building  or  buildings 
intended  for  a  waterworks  station  and  containing  the  required 
pumping  apparatus  and  the  means  intended  to  supply  motive  force 
to  run  it. 

A  reservoir  is  a  large  basin,  either  natural  or  artificial,  for  the  col- 
lection and  storage  of  a  supply  of  water,  either  for  a  city,  a  group 
of  buildings,  a  single  building,  or  for  water-power  purposes.  The 
term  receiving  reservoir  is  usually  applied  to  the  principal  or  main 
waterworks  reservoir,  from  which  distributing  reservoirs  are  fed  or 
supplied. 

A  waterworks  standpipe  is  a  vertical  pipe  into  which  water  is 
forced  by  means  of  pumps  to  such  a  height  as  to  give  the  water  a 
sufficient  head  of  pressure  to  supply  elevated  points.  A  standpipe 
is  really  an  artificially  elevated  reservoir  in  which  the  vertical 
dimension  is  much  larger  than  the  horizontal  one  or  the  diameter 
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(as  opposed  to  elevated  tanks,  in  which  the  diameter  is  usually  larger 
than  the  height  of  the  tank). 

Pressure  tanks  in  a  water-supply  system  are  closed  tanks,  intended 
to  hold  and  store  water  under  air  pressure,  and  which  form  substi- 
tutes for  elevated  tanks,  standpipes  and  reservoirs. 

Pumps  are  mechanical  devices  or  appliances  for  raising,  circu- 
lating, exhausting  or  compressing  a  fluid  by  drawing  or  forcing  it 
through  valved  apertures  and  pipes. 

Aqueduct  signifies  an  artificial  structure,  usually  in  masonry,  for 
carrying  water  by  gravity  from  a  distant  point  to  cities,  towns  or 
other  points  of  consumption.  It  also  means  elevated  gravity  con- 
duits (in  distinction  to  underground  conduits  or  channels)  carried 
across  deep  valleys,  river  beds  or  water  courses,  to  conduct  water 
for  navigable  canals  or  water  used  in  irrigation.  The  old  Roman 
aqueducts  have  become  famous  on  account  of  their  magnitude  and 
durability. 

Conduits  in  a  water-supply  system  are  the  main  transmission 
channels,  the  passages  or  the  means  for  conducting  the  supply  of 
water  from  the  source  or  intake  to  the  receiving  reservoir.  The 
main-pipe  channel  which  connects  the  reservoir  with  the  distribution- 
pipe  system  in  the  streets  is  also  called  ^^  conduit." 

A  hydrant  in  a  water-supply  distribution  system  is  a  discharge 
pipe  connected  with  a  water  main,  in  particular  one  placed  on  the 
sidewalk  or  near  the  street  comers  for  use  by  the  fire  engines  or  the 
firemen  in  case  of  fire.  Hydrants  for  fire  purposes  are  also  termed 
*'  water  or  fire  plugs,"  more  especially  if  located  in  the  interior  of 
buildings. 

A  valve,  in  general,  is  any  contrivance,  such  as  a  lid,  cover,  ball 
or  slide,  which  opens  and  closes  a  passage  or  waterway  whether  by 
lifting  and  falling,  sliding,  swinging  or  rotating,  to  control  the  flow 
or  supply  of  liquids  or  gases.  In  a  water-works  distribution  system 
valves  are  mechanical  devices,  located  at  the  end  of,  or  inserted  in, 
any  pipe,  tube,  outlet  or  inlet  with  the  object  of  controlling  and  stop- 
ping or  starting  the  flow  of  water. 

Check  valves  are  special  forms  of  valves  intended  to  establish  a 
flow  through  a  line  in  one  direction  only.  They  have  either  swinging 
or  lifting  checks,  operating  automatically  by  opening  with  the  water 
pressure  and  closing  against  it.     Of  the  two  types  the  swing  check 
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valve  is  preferable,  owing  to  its  having  a  larger  waterway  and 
being  less  of  an  obstruction  to  the  free  flow. 

A  welly  generally  speaking,  is  a  hole  or  shaft  sunk  into  the  earth 
by  artificial  means  (sych  as  digging,  boring,  drilling)  in  order  to 
obtain  water,  or,  in  other  cases,  a  fluid  such  as  oil  or  natural  gas. 

A  spring  signifies  a  natural  flow  of  water  issuing  from  the  earth 
or  cropping  out  from  a  rocky  formation;  the  word  is  also  used  to 
designate  the  basin  of  water  usually  formed  at  the  place  where  the 
spring  issues  to  the  surface. 

The  term  cistern  means  in  general  a  reservoir  for  holding  water. 
In  water  supply,  the  term  is  more  specially  used  to  designate  an 
undergroimd  tank  for  the  reception  and  storage  of  rain  water. 

Cisterns  are  built  of  brick,  of  stone,  more  rarely  of  wooden  staves,  but 
leoently  quite  often  of  reenforced  concrete.  They  are  usually  made  of  a 
round  shape,  except  the  very  large  sizes,  which  are  made  square  or  rectangular 
in  plan.  The  size  and  dimensions  of  cisterns  are  determined  by  the  amount 
of  water  to  be  stored,  and  depend  upon  the  area  of  the  roof  and  the  rainfall. 
To  prevent  leakage  and  also  water  contamination  cisterns  are  built  with  the 
inside  plastered  with  water-tight  hydraulic  cement.  Overflow  pipes  from 
dstems  should  never  connect  with  a  house  or  street  sewer;  they  are  best  . 
carried  into  an  open  ditch  or  into  a  road  gutter,  the  outfall  being  protected 
by  a  flap  valve,  a  grating  or  a  bar  strainer.  Cisterns  are  usually  arched  over 
and  covered  with  iron  or  stone  covers,  and  the  surface  is  graded  away  from 
the  same.  They  should  be  well  ventilated  to  prevent  the  water  from  becom- 
ing stagnant. 

In  plumbing  work,  the  word  cistern  is  sometimes  applied  to 
the  tanks  used  for  the  flushing  of  cisterns,  such  as  a  "  water- 
closet  cistern ''  (see  under  Plumbing). 

Water-pressure  regulators  are  mechanical  contrivances  placed  in 
the  flow  line  of  pipes  in  order  to  regulate  and  reduce  the  pressure 
of  water. 

Water  meters  aire  mechanical  devices  or  appliances  for  measuring 
and  registering  the  volume  of  water  flowing  through  a  pipe  in  a 
given  period  of  time. 

Filters  are  either  structural  or  mechanical  devices,  intended  for 
the  purification  of  water,  by  straining  the  solid  suspended  impurities 
contained  in  it.  They  operate  either  by  gravity  or  else  under  the 
water  pressure. 
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IV.  Brief  Glossary  of  Plumbing  Tenns. 

Plumbing,  derived  from  the  Latin  word  plumbum,  which  means 
lead,  formerly  designated  "the  trade  and  art  of  working  in  lead." 
A  more  modern  definition  of  plumbing  is:  the  trade  of  fitting  up  in 
buildings  the  metal  pipes,  traps,  tanks  and  fixtures,  of  different 
materials,  which  are  used  for  water  supply,  for  drainage,  for  gas 
illumination  and  for  cooking  and  heating  by  gas;  likewise  the  entire 
pipe  systems  and  apparatus  used  for  the  conveyance  of  either  water, 
sewage  or  gas. 

Plumbers*  Tools  (see  also  Tools).  The  following  are  the  principal 
tools  used  by  plumbers  in  their  work: 

(a)  Lead' pipe  tools:  — 
the  drift  plug  or  pin,  made  of  boxwood,  slightly  tapering,  for  the 

rounding  up  of  flattened  lead  pipe; 
the  tampion  or  turn  pin,  a  tool  of  boxwood,  in  the  shape  of  a 

top,  used  to  swell  up  the  end  of  lead  pipe; 
the  tap  borer,  for  cutting  an  opening  in  a  lead  trap  or  pipe; 

also  used  for  reaming  out  the  ends  of  supply  pipes, 
the  plumber's  rasp,  a  tool  like  a  coarse  file,  to  file  oflF  lead  to 

brighten  its  surface; 
the  bending  iron  or  pin,  used  for  straightening  lead  pipe; 
the  chipping  knife,  for  cutting  or  chipping  lead; 
the  shave  hook,  a  tool  used  to  scrape  the  ends  of  pipes  clean,  to 

make  the  solder  adhere  when  joints  are  made.    There  are 

several  varieties  of  shave  hooks; 
the  dresser,  a  tool  of  hardwood  used  to  dress  lead  pipe,  by  beat- 
ing it; 
the  copper  bit  or  pointed  copper  bolt,  used  for  soldering,  also 

called  soldering  iron; 
the  hatchet  iron  for  soldering  seams; 
the  plumber's  round  iron,  used  in  making  seams  of  tanks; 
the  wiping  cloth,  of  various  sizes,  made  of  bedticking  or  of 

moleskin,  used  for  wiping  joints, 
the  basin  wrench,  for  tightening  or  loosening  couplings  and 

locknuts; 
the  soil  cup  and  the  grease  box; 
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(b)  Cast-iron-pipe  tools:  — 

the  set  of  calking  tools,  made  of  tempered  tool  steel  for  calking 
the  oakum  and  the  lead  in  joints,  comprising  cold  chisels, 
long  and  short  yarning  irons,  regular  calking  irons,  oflFset 
irons,  steel  irons,  etc. 

the  ladle,  a  spoon-like  tool  with  handle,  to  hold  and  pour 
molten  lead; 

the  pothook,  to  lift  up  the  pot  with  molten  lead; 

the  charcoal  and  the  gasolene  furnaces; 

the  solder  pot; 

(c)  Tools  for  brass  pipe:  — 

the  special  wrenches  used  for  screwing  up  polished  or  nickel- 
plated  brass  pipe. 

(d)  Tools  for  wrong hi-iron  pipe:  — 

the  pipe  cutter  — usually  a  three- wheel  cutter; 

the  pipe-threading  dies  — called  "stocks  and  dies"; 

the  hinged  pipe  vise; 

the  chain  tongs; 

the  pipe  wrench; 

the  Alligator  and  the  Stillson  wrench; 

the  blast  torch,  for  lead  burning; 

the  washer  cutter; 

the  side  edge. 
Ordinary  tools,  often  used  by  plumbers,  are  the  saw,  gouge,  cold 
chisel,  compass  saw,  chisel,  compasses,  monkey  wrench,  plane  and 
the  hammer  (see  Tools), 

Air  chambers  are  enlargements  or  vertical  extensions  of  pipes, 
intended  to  contain  air  to  form  an  elastic  cushion,  in  order  to  prevent 
water  hammer  or  noise  in  the  pipes.  They  are  usually  placed  at 
the  hot  and  cold  supplies  to  plumbing  fixtures,  and  at  the  suction 
and  discharge  ends  of  house  pumps. 

Alloys  are  combinations  of  metals  with  each  other.  Fusible 
alloy  is  an  alloy  which  is  so  compounded  as  to  melt  at  a  certain 
fixed  temperature. 

Bath  tubs  are  either  movable  receptacles  or  else  stationary  plumb- 
ing fixtures,  of  sufficient  size  and  of  the  proper  shape  to  enable  a 
person  to  immerse  the  body  in  water,  for  washing  and  bathing  pur- 
poses, and  generally  provided  with  waste  and  overflow  pipes,  hot 
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and  cold  supply  pipes,  plug  and  chain  or  waste  valve,  and  with  single 
or  combination  bibs.  The  bath  tubs  are  either  set  on  the  floor,  or 
raised  from  it  on  legs  or  other  forms  of  supports,  or  finally  sunk  into 
the  floor.  In  England,  bath  tubs  are  designated  as  "  slipper  baths, 
which  originally  were  bathing  tubs  covered  at  one  end,  which 
resembled  in  form  and  shape  a  slipper."  *  (See  also  under  Douche, 
Pool  baihf  Rain  bath,  Shower  bath,  Sitz  bath). 

Basins  or  Wash  Basins  are  elliptic,  ovoid  or  circular  vessels, 
generally  of  porcelain,  but  sometimes  of  enameled  iron  or  of  copper, 
with  curved  sides  and  contracted  outlet  at  the  bottom,  used  for 
holding  water  and  intended  chiefly  for  the  washingof  the  hands  and 
the  face.     Basins  are  sometimes  called  lavatories. 

The  term  ^^  lavatory ^^  also  signifies  the  room  or  apartment  in- 
tended for  the  performance  of  ablutions.  Basin  fixtures  are  either 
portable  or  stationary. 

Bibs  or  cocks  are  mechanical  devices  for  controlling  the  flow  of 
water  or  other  liquid  or  gas,  either  at  any  }X)int  in  the  line  of  pipe, 
when  they  are  called  stopcocks,  or  at  the  outlet  end  of  a  branch-pipe 
line,  in  combination  with  a  nozzle  or  discharge  spout  at  a  plumbing 
fixture,  when  they  are  called  bibs  or  faucets. 

Bibs  or  cocks  are  designated  by  the  fixture  to  which  they  are 
attached  (examples:  gas  cock,  basin  or  bath  cock) ;  or  by  the  service 
which  they  are  intended  to  render;  or  by  their  mechanical  construc- 
tion and  form,  such  as  ball  cock,  compression  cock,  three-way  cock, 
ground-key  cock,  self-closing  cock,  swing  cock,  or  finally  by  the  fluid 
flowing  through  them,  such  as  water,  gas  or  steam  cock. 

Bidet  is  a  modern  plumbing  fixture  supplied  with  hot  and  cold 
water,  waste  pipes,  traps,  etc.,  intended  for  the  washing  or  bathing 
of  the  posterior  parts  of  the  body.  It  may  also  be  fitted  up  with  an 
upward  jet  for  special  injections.  If  fitted  up  with  flushing  rim  and 
flushing  device,  the  fixture  is  sometimes  used  as  a  urinal  for  women. 

Boiler,  in  plumbing  work,  signifies  a  strong  copper  or  galvanized- 

iron  closed  vessel  or  reservoir,  generally  set  in  the  kitchen  and 

alongside  of  the  range  or  over  the  same,  intended  to  store  the  hot 

*  water  generated  by  the  water  back,  so  as  to  be  ready  to  be  drawn 

at   baths,   basins,   sinks   and  other  plumbing  fixtures.     Properly 

♦  See  illustration  of  a  slipper  bath  in  Gerhard's  "  Modem  Baths  and  Bath  Houses," 
1908. 
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speaking,  the  water  back  in  the  range  is  the  "boiler,"  and  what  is 
commonly  termed  a  boiler  is  merely  the  reservoir  for  the  hot  water. 

Bushing  is  a  tube  or  special  fitting,  of  cast  iron  or  brass,  which  is 
used  and  inserted  into  a  pipe  fitting  to  reduce  the  bore  or  inside 
diameter. 

Bye-pass,  in  a  plumbing  system,  may  be  defined  as  a  faulty  con- 
nection between  the  back  air  pipe  of  a  trap  and  other  pipes,  whereby 
an  open  passage  is  created  for  gases  from  the  soil-  pr  waste-pipe 
system  into  the  rooms  of  a  house. 

Cistern,  in  general,  signifies  an  artificial  reservoir,  usually  placed 
underground,  for  holding  water.  (See  under  Water  Supply.)  In 
plumbing  work,  cisterns  are  copper-lined  wooden  tanks,  or  some- 
times cast-iron  or  porcelain  tanks,  intended  to  be  filled  with  water 
through  ball  cocks,  operated  by  chain  and  pull  or  other  device  or 
sometimes  automatically  for  the  flushing  of  water-closets,  urinals 
and  slop-hoppers. 

Cocks,  see  Bibs, 

Corporation  stopcock  is  the  name  for  the  connecting  ferrule  and 
shut-oflF  which  is  inserted  at  the  street  water  or  gas  main,  and  which 
serves  for  connection  with  the  house-service  pipe.  It  is  sometimes 
called  the  tap. 

Coupling  is  a  pipe  fitting  or  device  for  the  joining  together  of  two 
things,  such  as  two  pipes  or  two  parts  of  a  simple  mechanism. 

Douche  is  a  bath  fitting  used  for  directing  a  solid  stream  of  water 
on  parts  of  the  body. 

Drain  trap  is  a  special  fitting  shaped  in  the  form  of  the  letter  U, 
and  used  in  connection  with  earthen  drain  pipes.  It  is  so  arranged 
as  to  hold  a  body  of  water  to  form  a  water  seal  against  the  escape  of 
sewer  air. 

Drain  tile  is  a  tile  or  clay  pipe  used  for  drainage  purposes.  Tile 
pipe  is  either  unglazed  or  glazed.  There  are  two  processes  of 
glazing  pipes,  namely,  the  salt  glazing  and  the  slip  glazing. 

Earthenware  designates  articles  made  of  clay  which  are  burnt  or 
baked  in  a  kiln.  Earthenware  is  inferior  in  quality  and  grade  to 
porcelain  and  stone  ware. 

Faucet  designates  a  nozzle  or  spout,  placed  at  the  end  of  a  pipe 
line  or  over  a  plumbing  fixture,  and  provided  with  a  controlling 
device  to  turn  on  or  shut  off  the  flow  of  water  or  other  liquid. 
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Ferrule  is  a  short  tube,  much  like  a  bushing,  and  usually  made  of 
brass,  used  to  connect  lead  and  iron  pipe. 

Fireplug,  see  Hydrant  and  Standpipe, 

Flashing  in  plumbing  work  designates  a  tumed-up  flange  or  a 
lap  joint,  the  object  of  which  is  to  make  a  thing  water-tight. 

Floaty  a  hollow  metal,  or  sometimes  glass,  ball,  cylinder  or  similar 
device,  placed  on  the  end  of  a  lever  and  intended  to  operate  a  ball 
cock  or  ball  valve. 

Foot  bath  is  a  small  tub  intended  for  the  bathing  or  washing  of  the 
feet  only. 

Fountain,  in  general,  means  an  artificial  basin  or  ornamental 
structiu-e  holding  water  and  provided  with  tubes  or  pipes  through 
which  water  issues  under  pressure.  The  word  is  also  applied  to 
upward  or  downward  jets  or  sprays,  which  are  often  of  an  ornamen- 
tal shape.  There  are  numerous  kinds  of  foimtains,  such  as  garden 
fountains,  drinking  fountains,  horse-watering  fountains,  and  others. 

Gasket,  a  usually  thin  and  annular,  flat  or  round  packing  piece  of 
india  rubber,  sheet  metal  or  leather. 

Gale  valv/s,  see  Valves,  under  Water  Supply. 

Globe  valve,  see  Valves,  under  Water  Supply. 

Grease  trap  is  a  special  device  or  fixture  intended  to  prevent  the 
accumulation  of  kitchen  grease  in  the  waste  pipes  or  in  the  house 
drain,  whereby  they  ultimately  become  stopped  up.  Such  a  device 
retains  the  grease  and  causes  it  to  solidify. 

Hanger  is  a  means  for  supporting  pipes  run  horizontally,  and 
consists  usually  of  a  metal  rod  and  ring  which  is  attached  to  the 
timbers  or  to  the  floor  beams. 

Hose,  a  flexible  tube  or  pipe,  of  leather,  rubber  or  cottqn,  unlined 
or  rubber  lined,  for  conveying  water  and  other  fluids. 

Hydrant,  see  imder  Water  Supply. 

Increaser,  a  pipe  fitting  used  for  joining  one  end  of  a  small  pipe  to 
the  other  end  of  the  larger  pipe. 

Joints  may  be  defined  as  the  method  of  joining  two  things,  or  the 
place  where  they  are  connected.  In  plumbing  work,  two  pieces 
or  lengths  of  pipe,  or  a  pipe  and  a  fitting,  are  connected  by  means  of 
pipe  joints. 

Latrine,  a  water-closet  in  trough  form,  intended  to  accommodate 
several  persons  at  one  time. 
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Lavatory y  see  Basin. 

Leader  pipe  is  a  vertical  pipe,  located  either  outside,  or  inside  of 
a  building,  intended  to  receive  the  storm  water  from  the  roofs  and 
gutters.  Leader  or  conductor  pipes  are  pipes  intended  to  convey 
the  water  falling  upon  the  roofs  either  into  cisterns  or  into  drains  or 
surface  channels. 

Meter y  see  Water  Meter,  under  Water  Supply. 

Nippky  a  small  round  pipe  fitting,  which  is  sometimes  threaded 
at  both  ends,  or  else  threaded  at  one  end  only  and  intended  for 
soldering  at  the  other  end. 

Nozzle^  a  tubular  spout  or  discharge  pipe  usually  in  tapering  form. 
It  may  be  placed  at  the  end  of  a  flexible  hose  or  it  may  be  attached 
rigidly  to  a  discharge  pipe. 

Oakum  designates  the  hemp  fiber  obtained  from  tarred  hemp  rope 
by  loosening  and  imtwisting  it.  It  is  used  principally  for  the  calking 
of  the  joints  of  cast-iron  pipe. 

Offset  is  a  special  fitting  which  may  be  either  cast,  or  made  up 
with  elbows,  or  formed  by  bending  a  pipe,  its  shape  being  in  all  cases 
such  as  to  bring  the  pipe  axis  out,  at  the  same  time  keeping  it  par- 
allel to  the  original  position. 

Packing,  any  soft  material,  sometimes  greased,  for  tightening 
a  joint. 

Pipes  may  be  defined  as  long,  generally  cylindrical,  hollow  bodies 
used  for  the  conveyance  of  a  fluid  or  of  a  gaseous  substance,  for 
example,  drain,  water,  gas  and  steam  pipes. 

Plug  designates  a  special  pipe  fitting,  of  cast  iron  or  brass,  which 
is  used  to  close  up  permanently  the  end  of  a  pipe  line. 

Porcelain,  sl  transparent  kind  of  pottery,  sometimes  called  china- 
ware  in  the  finer  grades,  and  always  provided  with  a  fine  glaze. 

Pump,  a  mechanical  device,  appliance  or  hydraulic  machine,  of 
which  there  are  many  various  types,  intended  primarily  for  raising 
or  lifting  water,  but  also  used  for  transferring  or  pressing.liquids  like 
water,  or  fluids  like  air,  through  pipes  or  nozzles.  It  may  also  be 
used  for  exhausting  or  compressing  fluids.  See  also  under  Water 
Supply. 

Rain  bath  is  a  special  form  of  shower  bath,  with  inclined  overhead 
shower  or  spray,  intended  as  a  substitute  for  tub  baths,  over  which, 
in  certain  cases,  it  has  many  advantages. 
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Reducer  is  a  special  pipe  fitting  which  is  used  or  placed  in  a 
line  of  pipe  with  the  object  of  changing  from  a  larger  to  a  smaller 
diameter. 

Resin  (or  rosin)  is  a  gummy  inflammable  substance,  derived  from 
the  exudation  of  some  trees  or  plants.  It  is  insoluble  in  water,  but 
soluble  in  alcohol;  it  softens  or  melts  in  heat.  Resin  designates  also 
the  residue  left  after  the  distillation  of  oil  from  crude  turpentine. 

Riser,  a  pipe  intended  for  conveying  water,  gas,  steam,  compressed 
air  or  other  fluid,  and  extending  generally  in  a  vertical  direction 
through  a  building.  Pipe  risers  are  usually,  but  not  always,  pro- 
vided with  side  outlets  for  branches  to  supply  the  various  floors. 

Seam,  a  joint  in  sheet  metal  made  by  turning  the  edges  over  or 
lapping  them.  It  also  signifies  the  line  along  which  something  is 
joined. 

Service  pipe,  see  under  Water  Supply. 

Shower  or  spray  is  a  bath  fitting  used  to  direct  a  finely  divided 
stream  of  water  upon  the  bather.  A  great  variety  of  hand  sprays 
and  of  needle  and  shower  baths  are  made. 

Sink  is  a  usually  rectangular  receptacle  or  set  plumbing  fixture, 
connected  by  a  trapped  waste  pipe  with  a  soil  or  waste  line  and  sup- 
plied with  hot  and  cold  water  by  faucets. 

Siiz  hath  is  a  special  form  of  bath  tub,  intended  for  the  bather  to 
sit  in,  for  the  immersion  of  the  hips  and  the  posterior. 

Sleeve,  a  round  hollow  tube  or  cylinder,  surrounding  a  pipe  or  a 
piece  of  machinery,  like  a  shaft. 

Slop-sink  is  a  plumbing  fixture  or  special  form  of  sink,  intended 
for  the  emptying  of  slop-water  in  dwellings,  and  fof  the  washing  of 
bed  pans  and  other  sick-room  utensils  in  hospitals. 

Soil  pipe  is  the  vertical  pipe  intended  to  receive  the  discharge  from 
water-closets  and  other  plumbing  fixtures. 

Solder,  a  fusible  alloy  intended  for  use  in  joining  or  uniting  two 
metallic  substances.  It  consists  of  a  varying  mixture  of  lead  and 
tin. 

Soldering  designates  the  process  of  uniting  two  pieces  of  metal  by 
an  alloy. 

Standpipe,  in  architectural  practice,  is  understood  to  be  a  vertical 
pipe,  intended  for  fire  proljsction  and  extinction  (see  also  under 
Water  Supply). 
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Strainer,  a  device  or  fitting  of  metal,  containing  holes,  perfora- 
tions, or  meshes,  through  which  liquids  may  pass,  and  intended  to 
hold  back  or  intercept  the  coarse  or  solid  particles. 

Street  washer,  a  form  of  small  hydrant  to  which  a  hose  is  attached 
for  the  purpose  of  washing  a  street  or  sidewalk. 

Suction  pipe  is  the  pipe  which  connects  a  pump  with  the  source  of 
supply  from  which  the  pump  draws. 

Tap,  a  faucet  or  cock.  In  a  special  sense,  a  tool  for  cutting 
internal  or  female  screw  threads. 

Tapping  the  main  means  inserting  a  corporation  stopcock  or  tap 
into  the  street  main  for  gas  or  water. 

Tee,  a  fitting  for  branching  off  a  pipe  at  right  angles  to  another; 
it  is  so  called  from  its  resemblance  in  shape  to  the  letter  T. 

T-Y,  a  special  tee  fitting,  in  which  the  flow  line  is  not  abruptly 
changed  at  right  angles,  but  changed  more  gradually  by  a  curve. 

Tools  are  simple  implements  or  mechanical  devices  or  appliances 
used  in  working,  transforming,  handling  or  moving  material. 

Each  of  the  different  building  trades  uses  a  number  of  special 
tools;  thus  we  distinguish  between  carpenters',  masons',  pipe-fitters', 
electricians'  tools,  etc. 

For  plumbers'  tools,  see  under  Plumbing. 

Machinists^  tools  comprise : 
Combination  square.    Inside  caliper. 
Center  gauge.  Outside  caliper. 

Center  punch.  Micrometer  gauge. 

General  tools  include  the  following: 


Spring  divider. 

Scale. 

Steel  straight  edge. 


Alligator  wrench. 

Auger. 

AwL 

Ax. 

Bevel  square. 

Brace  and  bits. 

Compass  saw. 

Chain  drill. 

Chain  tongs. 

Chalk  line. 

Claw  hammer. 


Claw  bar. 
Cold  chisels. 
Crowbar. 
Cutting  nippers. 
Dividers. 
Drill  press. 
Drawing  knife. 
Folding  rule. 
Files. 
Forge. 
Gimlet  bits. 


Grindstone. 
Hand  ax. 
Hand  saw. 
Hatchet. 
Hack  saw. 
Jack  plane. 
Monkey  wrench. 
Oiler. 
Oilstone. 
Plumb  rule. 
Pliers. 
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General  tods  —  cotUinued. 

Pipe  wrench.  Smoothing  plane.  Tongs. 

Punches.  Spoke  shave.  Twist  drill. 

Ratchet  drill.  Steel  square.  Taps. 

Riveting  hammer.  Spirit  level.  Thread-cutting  appliance. 

Screw-driver.  Stillson  wrench.  Vise. 

Screw  bit.  Solid  wrench.  Wood  chisel. 

Screw  plate.  Soldering  iron.  Wood  rasp. 

Trap  consists  essentially  of  a  bend  or  U-shaped  part  of  a  pipe, 
with  or  without  enlargement,  which  permits  the  escape  of  water 
when  the  fixture  is  emptied,  but  which  retains  sufficient  water  to 
form  a  water  seal  against  the  passage  of  air  or  gases  from  the  soil,, 
sewer  or  waste  pipes. 

Union  in  general  designates  a  pipe  fitting  or  coupling  used  for 
connecting  pipes. 

Urinal  is  a  toilet-room  convenience  or  plumbing  fixture  intended 
for  men's  use,  and  consists  of  a  trapped  bowl,  trough,  gutter  or 
niche,  connected  with  a  waste  or  drain  pipe  and  arranged  with  a 
flushing  device  similar  to  that  of  water-closets. 

Urinette  is  a  plumbing  fixture  similar  to  the  bidet,  provided  with 
flush,  and  intended  to  be  used  as  a  urinal  for  women. 

Valve,  a  mechanical  device,  fitting  or  appliance  intended  to  open 
or  close  an  opening  or  passage  for  the  purpose  of  controlling  the 
flow  of  liquids  or  gases.  There  are  numerous  kinds,  such  as  ball 
valves,  bucket  valves,  tank  valves,  float  valves,  safety  valves,  suction 
valves,  pump  valves,  check  valves,  globe  valves,  gate  valves,  etc. 

Vent  pipe  is  a  pipe,  extended  through  the  building  and  up  through 
the  roof  to  the  outer  air,  intended  to  ventilate  soil  and  waste  pipes^ 
i,e,  to  effect  a  circulation  of  air  through  them,  to  prevent  any  back 
pressure  and  also  the  siphonage  of  the  traps. 

Washer^  a  small,  flat,  annular,  perforated  disc  of  metal,  leather, 
paper,  etc.,  used  as  a  packing  material  between  surfaces  which  are 
to  be  joined  together.  A  blind  washer  designates  a  washer  which 
is  not  perforated. 

Waste  pipe  is  a  vertical  pipe  intended  to  receive  the  discharge 
from  basins,  bath  tubs,  sinks,  washtubs,  urinals,  and  plumbing 
fixtures  generally,  except  water-closets. 
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Wash  basin,  see  under  Basin. 

Washlub,  in  plilmbing,  is  a  stationary  fixture,  rectangular  in  form, 
connected  by  a  trapped  waste  pipe  with  a  soil  or  sewer  pipe,  supplied 
with  hot  and  cold  water,  and  intended  specially  for  the  cleaning, 
rinsing,  soaking  and  washing  of  the  household  linen  and  of  persons' 
undergarments. 

Water-closet  is  a  plumbing  fixture  intended  to  receive  and  remove 
the  alvine  discharges  of  persons  by  means  of  water  flushing. 

Y  or  Y-hranch,  a  fitting  or  branch  pipe,  in  shape  like  the  letter  Y, 
and  used  for  connecting  pipes. 


APPENDIX    B. 


HISTORICAL    SKETCH    OF    THE    DEVELOPMENT    OF 

THE    ART   OF    THE    DRAINAGE    AND    PLUMBING 

OF   HABITATIONS. 

A  HUNDRED  years  ago  plumbing  work  in  houses  was  almost 
unknown.  •  Before  cities  and  towns  introduced  a  supply  of  water 
under  pressure  there  were  no  plumbing  fixtures  in  dwellings,  stores 
and  shops,  and  the  inhabitants  were  compelled  to  obtain  water  for 
domestic  use  in  pails  and  jugs  which  they  filled  at  the  public  wells, 
located  at  street  intersections  or  in  the  public  squares.  Some 
houses  had  rain-water  cisterns  built  in  the  yards,  from  which  the 
water  was  obtained  either  by  pumping  or  by  drawing  it  in  buckets. 

The  waste  water  from  the  houses  was  at  first  simply  poured  out 
into  the  street  gutter,  but,  later  on,  cesspools  were  built  in  the  rear 
of  the  houses.  The  yards  also  contained  an  ordinary  privy  vault, 
which  at  that  time  was  in  universal  use. 

Early  Plumbing  Work.  — After  the  introduction  of  public  water 
works  and  the  provision  of  water  mains  in  the  principal  streets, 
service  pipes  were  laid  to  conduct  the  water  from  the  mains  into  the 
houses.  These  service  pipes  were  at  first  manufactured  of  lead, 
being  cast  in  lengths  of  about  six  feet.  Only  a  small  number  of 
houses  and  only  those  of  the  better  class  were  supplied  in  this  way, 
and  the  plumbing  conveniences  of  the  earliest  period  consisted 
merely  of  a  single  faucet  for  drawing  water,  which  was  usually 
placed  in  the  kitchen,  at  the  extreme  rear  end  of  the  house,  or  some- 
times in  the  yard.  Bath  rooms  were  totally  wanting  in  private 
houses  and  in  hotels.  Water-closets  were  equally  rare,  though  there 
may  have  been  a  few  in  use  in  the  more  pretentious  houses,  the 
fixture  used  being  doubtless  of  the  type  known  as  the  "  pan  closet.'' 

Some  of  these  houses  had  drains,  which  consisted  either  of  wooden 
boxes  or  of  brick  conduits,  built  square,  which  discharged  the  waste 
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water  into  the  yard  cesspools.  Later  on,  when  city  streets  were 
sewered,  the  cesspools  were  connected  with  the  sewers  by  means  of 
overflow  pipes. 

From  the  time  when  water  was  first  introduced  into  cities  dates 
the  first  real  advance  made  in  the  art  of  plumbing.  Its  immense 
progress  up  to  modem  times  is  best  described  by  recalling  to  mind 
how  work  was  done  in  those  early  days,  and  by  comparing  the 
materials  then  used  with  the  improved  articles  of  manufacture  at 
present  available. 

Lead  Work.  —  The  early  American  plumbing  work  followed  very 
closely  the  practice  then  prevalent  in  English  plumbing  work.  The 
plumber  of  the  first  part  of  the  nineteenth  century  was  really  what 
his  name  indicated,  namely,  a  worker  in  lead.  This  metal  was  used 
more  than  any  other  in  the  plumbing  work  of  the  earlier  periods. 

Soil  pipes  were  always  made  of  sheet  lead,  rolled  in  lengths  of 
about  ten  feet,  with  hand-made  joints  or  seams.  The  early  sheet 
lead  was  made  in  cast  plates,  which  were  beaten  down  to  the  required 
thickness,  and  the  seams  were  made  with  soldering  irons  or  by 
means  of  the  blowpipe. 

Lead  was  likewise  used  for  the  lining  of  water-closet  cisterns  and 
service  boxes,  and  also  for  making  sinks  and  bath  tubs.  The  lead 
traps  used  under  sinks  and  wash  basins  were  made  with  hand-made 
seams,  or  else  the  lead  pipe  was  simply  bent  into  sometimes  curious 
shapes  so  as  to  form  a  siphon  trap.  During  the  long  winter  months 
the  making  of  lead  soil  pipe,  of  lead  traps,  and  of  lead-lined  cisterns 
furnished  employment  for  the  boys  and  apprentices  in  the  trade,  and 
inasmuch  as  manufacturers  had  not  yet  commenced  the  wholesale 
making  of  these  simple  plumbing  articles,  each  plumber  was  obliged 
to  prepare  his  own  stock  in  advance  for  the  next  building  season. 

The  cast-lead  supply  pipes  were  soon  afterward  replaced  by 
drawn-lead  pipe,  manufactured  by  forcing  molten  lead  through  dies 
under  hydraulic  pressure.  These  pipes  were  made  in  all  sizes  up 
to  eight  inches,  and  were  also  used  extensively  for  soil  pipes. 

Early  Plumbing  Fixtures.  —  The  water-closets  were  either  the 
well-known  pan  closet,  particularly  the  so-called  "Bartholomew" 
closet,  or  else  they  were  long  roimd  hopper  closets  with  a  whirl  flush. 
It  was  not  usual  in  those  days  to  put  flushing  cisterns  over  the  water- 
closets,,  which  were  supplied  by  a  valve  operated  under  street  pres- 
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sure.  About  the  middle  of  the  century  some  German  coppersmiths 
came  over  to  the  United  States  and  introduced  the  tinned  p.nd 
planished  copper-lined  bath  tubs. 

The  plumbing  in  the  majority  of  houses  was  restricted  to  a 
kitchen  sink,  a  kitchen  range,  one  or  two  water-closets,  a  bath  tub 
and  a  few  wash  basins.  In  the  houses  of  a  few  wealthy  people 
marble-lined  baths  were  used  and  occasionally  stone  sinks.  All  the 
fixtures  of  this  period  were  encased  with  woodwork,  for  which  in 
some  cases  very  elaborate  designs  were  prepared  by  the  builders  or 
architects. 

House-drainage  System.  —  The  house-drainage  system  of  this 
period  was  extremely  primitive  and,  according  to  our  modem  ideas, 
unsanitary.  The  brick  or  stone  house  drains  were  always  laid 
under  the  cellar  floor,  buried  under  the  concrete  and  made  inacces- 
sible. The  lead  soil  pipes  terminated  at  the  water-closet  in  the 
bath  room  and  the  smaller  waste  pipes  were  not  only  without  any 
ventilation,  but  often  double-trapped  and  air-bound.  The  rain 
water  from  the  roofs  was  conducted  into  cisterns,  or  at  a  later  period 
connected  with  the  house  drains,  by  means  of  sheet-metal  pipes, 
generally  run  on  the  outside  of  houses,  or  else  the  soil  pipe  was  used 
to  remove  the  roof  water. 

Arrangements  for  Hot  Water.  —  Hot  water  for  sinks,  bath  tubs, 
and  wooden  washtubs  was  obtained  by  means  of  a  pipe  coil  or  of  a 
water  back  placed  in  the  kitchen  fireplace.  From  these  the  hot 
water  was  carried  directly  up  to  a  tank  in  the  attic  of  the  house,  and 
was  again  distributed  downwards  to  the  fixtures.  In  some  houses 
the  hot-water  tank  was  a  separate  tank,  but  in  other  cases,  where  a 
house  tank  for  cold  water  was  used,  this  had  a  division  in  it  which 
separated  the  hot  from  the  cold  water.  The  modern  closed  kitchen 
boilers  attached  to  the  range  belong  to  a  later  period  in  the  history 
of  plumbing. 

Introduction  of  Cast-iron  Soil  Pipe.  —  A  great  improvement  was 
the  substitution  of  iron  plumbers'  soil  pipe  for  the  lead  pipe  previously 
used.  The  hand-made  lead  soil  pipe  and  its  seams  were  found  to 
corrode  very  quickly,  largely  owing  to  the  fact  that  the  soil  pipe  was 
not  extended  through  the  roof.  Even  the  better  machine-made 
lead  soil  pipe  had  several  objections,  such  as  the  liability  of  having 
carpenters'  nails  driven  into  it,  the  difficulty  of  properly  supporting 
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the  heavy  lead-pipe  stacks,  the  danger  of  the  pipe  becoming  damaged 
by  strains,  due  to  settlement  of  the  building,  and  also  the  expense  of 
the  article.  Recognizing  the  desirability  of  having  a  more  durable, 
and  at  the  same  time  cheaper  article,  iron  foundries  introduced 
what  is  now  known  as  "standard  plumbers'  soil  pipe"  and  also 
began  the  manufacture  of  a  large  number  of  various  soil-pipe  fittings, 
such  as  tees,  Y-branches,  elbows,  oflFsets,  etc.  Later  on,  iron  soil 
pipes  were  manufactured  in  three  grades,  known  as  the  light,  the 
medium  and  the  extra-heavy  soil  pipe.  The  medium  grade  was  used 
in  the  better  class  of  houses,  while  the  use  of  extra-heavy  pipe  was 
very  restricted. 

Use  of  Vitrified  Pipes  for  House  Drains.  — Another  improvement 
was  the  introduction  of  glazed  stoneware  sewer  pipe  for  house 
drains  in  place  of  the  brick  and  wooden  conduits  formerly  used. 
Houses  at  this  period  were  drained  with  vitrified  pipes  which 
connected  directly  with  the  street  sewers.  Builders  and  plumbers 
often  provided  only  a  single  line  of  house  drain  and  only  one  sewer 
connection  for  a  row  of  houses,  in  cases  where  rock  excavation  was 
encountered  in  the  street.  In  the  examination  of  older  houses, 
one  finds  even  nowadays  several  adjoining  houses  connected  with 
the  public  sewer  by  a  joint  private  drjin. 

First  Attempts  at  Ventilation  of  Soil  Pipes.  —  About  this  period 
the  first  attempts  were  made  to  ventilate  soil  pipes  by  running  a 
smaller  pipe,  which  was  generally  of  lead,  and  sometimes  of  sheet 
metal  with  loose  slip  joints,  up  to  the  roof.  Later  on,  the  soil  pipe 
was  carried  the  full  size  up  to  the  roof,  but  this  was  done  not  so 
much  with  the  idea  of  obtaining  a  better  ventilation,  as  to  make  use 
of  the  soil  pipe  for  conducting  the  roof  water  into  the  house  drain. 

The  pan  closet  was  still  used  to  a  great  extent  and  was  considered 
the  best  fixture  then  obtainable.  Cast-iron  kitchen  ranges  began 
to  be  manufactured,  and  galvanized-iron  and  copper  range  boilers 
were  introduced,  the  water  in  them  being  heated  by  connecting  the 
boiler§  with  a  cast-iron  water  back  in  the  range.  The  first  iron 
bath  tubs  were  also  manufactured,  which,  when  compared  with  the 
modem  article,  were  very  primitive  affairs.  They  were  generally 
painted  with  white  lead  on  the  inside  and  were  always  cased  up  in 
woodwork.  Later  on,  they  were  set  on  cast-iron  legs,  in  an  open 
manner,  and  provided  with  a  turned  wooden  top  rim. 
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Traps.  —  Traps  were  made  of  cast  lead  and  used  almost  exclu* 
sively  under  sinks,  whereas  the  wash  basins  and  bath  tubs  in  bath 
rooms  had  no  individual  traps,  but  were  trapped  by  a  luge  lead 
trap  under  the  water-closet.  Wash  basins  located  in  the  center  of 
the  house  were  either  connected  with  the  bath  room  fixtures,  or 
else  they  had  an  iron  waste  pipe  run  down  to  the  cellar  ceiling,  at 
which  point  a  single  iron  trap  was  placed  to  provide  a  seal  against 
sewer  gas. 

Introduction  of  Wrought-iron  Supply  Pipes.  —  Lead  water-supply 
pipes  did  not  wear  well  when  carrying  water  heated  to  nearly  a 
boiling  temperature,  and  the  lead  bends  at  the  top  of  kitchen  boilers 
were  the  places  where  the  lead  pipe  was  liable  to  give  way  first  by 
strain.  Hence  a  demand  arose  for  a  better  material  for  hot-water 
pipes.  Iron-pipe  mills  accordingly  began  the  manufacture  of 
welded  wrought-iron  pipe.  At  first  plain  or  black  iron  pipes  were 
used,  but  in  these  the  water  was  liable  to  become  rusty;  a  somewhat 
better  article  was  therefore  substituted,  namely,  the  galvanized 
wrought-iron  pipes.  Later  on,  some  works  manufactured  what  is 
called  **  enameled  wrought-iron  water  pipe,"  which  had  a  limited 
use. 

Improvement  in  House-drainage  Systems. — Since  1877,  in- 
creased attention  began  to  be  paid  to  the  sanitation  of  houses,  and 
in  particular  to  the  improvement  of  their  drainage  and  plumbing. 
From  this  time  dates  also  the  so-called  "  sewer-gas  scare,"  and  the 
radical  defects  of  the  system  of  house  drainage  in  vogue  at  that 
period  began  to  be  pointed  out.  In  1878  the  first  paper  devoted  to 
the  plumbing  interests  and  to  sanitation  was  published  in  New 
York  under  the  name  of  The  Sanitary  Plumber ^^  which  in  one  of 
its  earliest  volumes  gave  an  outline  of  what  were  at  that  time 
considered  the  desirable  features  of  a  well-arranged  system  of 
house  drainage. 

Manufacture  of  Porcelain-lined  Iron  Bath  Tubs. —  At  this  period 
also  the  enameled  or  porcelain-lined  iron  bath  tubs  were  introduced, 
which  had  a  much  improved  shape  and  a  white  glazed  inner  surface. 
Even  at  this  day  these  fixtures  retain  their  deserved  popularity  and 
are  used  extensively  in  open-plumbing  work,  because  they  are  some- 
what cheaper  and  less  heavy  than  the  solid  porcelain  tubs. 

*  Now  The  Engineering  Record. 
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Introduction  of  Plunger  and  Valve  Closets.  —  The  "  Jennings  " 
closet  was  introduced  into  the  United  States  from  England  and 
proved  for  a  time  quite  successful,  and  several  similar  closets  of  the 
type  of  pltmger  •  closet  were  manufactured  by  American  supply 
houses.  Later  on,  the  now  well-known  defects  of  this  type  of 
closet  were  recognized.  Another  type  of  water-closet  much  used 
was  the  "  Hellyer  "  improved  valve  closeti  which  was  a  good  closet, 
though  not  quite  free  from  imperfections  from  a  sanitary  point  of 
view. 

Encased  or  Concealed  Plumbing  Work.  —  Formerly  all  plumbing 
fixtures  were  always  boxed  up  with  woodwork.  This  enclosure 
was  rendered  necessary  for  water-closets,  by  reason  of  their  outer 
appearance  and  construction,  which  involved  the  use  of  cups  and 
pull  rods  passing  through  the  water-closet  box  seat. 

Fig.  207  illustrates  in  perspective  the  usual  arrangement  of  a 
bath  room  of  this  period,  while  Fig.  208  shows  in  section  how  the 
plumbing  fixtures  were  connected  with  the  unventilated  soil  pipe, 
the  only  trap  being  the  one  under  the  clqset. 

Introduction  of  Open  Plumbing.  —  Engineers,  who  then  began 
making  a  specialty  of  house  sanitation  and  of  the  improvement  of 
the  drainage  of  houses,  directed  their  efforts  towards  the  removal 
of  all  unnecessary  woodwork  about  plumbing  fixtures  and  advised 
substituting  for  it  the  so-called  open  plumbing  work.  Their 
advice  was  at  first  heeded  only  in  those  exceptional  cases  where 
they  had  full  control  of  the  work,  while  even  the  best-reputed 
architects  adhered  to  the  old  method  of  surrounding  plumbing 
fixtures  with  useless,  but  sometimes  very  expensive,  cabinet  work. 

Municipal  Plumbing  Regulations.  — Up  to  the  year  188 1,  plumb- 
ing and  drainage  work  in  cities  was  done  without  supervision  or 
inspection  by  the  municipal  authorities.  In  1881  a  Legislative  Act 
was  passed  in  the  State  of  New  York,  to  secure  the  registration  of 
plumbers  and  the  supervision  of  plumbing  and  drainage  in  New 
York  and  Brooklyn.  The  Act  gave  the  Health  Department  power 
to  regulate  the  plumbing  work  in  all  ^lew  buildings.  No  drainage 
and  plumbing  could  be  done  in  them  without  filing  plans  and 
specifications  at  the  department.  Plumbing  inspectors  were  ap- 
pointed for  the  inspection  of  new  work  and  for  the  enforcement  of 
the  rules;  the  licensing  of  plumbers  was  also  inaugurated. 
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Fig.  207.     Vie;v  of  Old-Fashioned  Bath  Room. 


Fig.  208.    Section  Showing  Defective  Plumbing  of  Old-Fashioned  Bath  Room. 
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In  these  plumbing  rules  the  protection  of  traps  from  siphonage  by 
special  vent  or  back-air  pipes  was  insisted  upon  for  the  first  time, 
though  single  instances  are  on  record  where  buildings  erected  before 
this  time  had  the  traps  so  protected. 

The  last  twenty-five  years  have  witnessed  a  marvelous  progress  in 
the  art  of  plumbing  modern  buildings.  Numerous  improvements 
were  made  in  the  plumbing  fixtures,  in  the  laying  out  of  the  piping, 
in  the  materials  used  for  the  same  and  in  the  sanitary  arrangement 
of  the  work.*  The  reduced  death  rate  of  cities  has  been  brought 
about  partly  through  the  better  plumbing  of  houses,  and  in  particular 
of  the  tenement-houses  of  large  cities. 

Since  the  year  1881,  iron  soil  pipes  were  used  for  the  house  sewers 
within  the  cellar  walls,  and  house  drains  were  carried,  as  far  as 
practicable,  above  the  cellar  floor,  in  order  to  have  the  pipes  at  all 
times  exposed. 

Use  of  Extra-heavy  Cast-iron  and  of  Screw- jointed  Wrought-iron 
Soil-pipe  System.  —  The  plumbers'  standard  soil  pipe  was  found 
to  be  an  article  insufficient  in  quality  and  strength.  The  pipe  of 
medium  weight  was  often  full  of  sand  holes  or  other  defects,  and 
owing  to  its  brittleness  it  was  easily  cracked  when  cut.  Its  chief 
defect  was  the  insufficient  strength  of  the  hub,  the  place  where  the 
pipe  joints  are  made.  To  calk  the  lead  joints  in  light  or  medium 
soil  pipes  quite  tight  was  a  very  difficult  task.  In  the  better  class  of 
houses  and  in  large  public  institutions  extra-heavy  cast-iron  pipes 
began  to  be  used.  Another  great  improvement  in  the  art  of  house 
drainage  was  introduced  in  Chicago,  and  later  on  in  New  York  and 
other  cities  (about  1883),  by  the  use  of  the  screw- jointed  wrought- 
iron  house-drainage  system.  For  some  years  the  new  departure 
made  but  slow  headway,  due  partly  to  an  unaccountable  opposition 
on  the  part  of  the  master  plumbers.  A  few  among  them,  however, 
recognized  at  once  the  great  advantage  due  to  the  screw  joint  in 
place  of  a  calked  joint,  and  the  further  advantage  that  the  number 
of  pipe  joints  was  reduced  to  a  minimum,  it  being  possible,  by  using 
wrought-iron  pipe,  to  run  from  floor  to  floor  without  intermediate 
joints.     To-day,  the  majority  of  tall  office  buildings  and  hotels, 

*  I  refer  the  readers  who  are  interested  in  the  subject,  to  the  accounts  of  improve- 
ments in  plumbing  methods  which  I  have  published  from  time  to  time  in  my  various 
books  on  Plumbing  and  House  Drainage. 
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Fig.  209.     Elevation  of  Plumbing  in  Modern  Bath  Room. 

as  well  as  public  institutions,  use  the  screw-jointed  drainage  system 
almost  exclusively. 

The  Testing  of  Plumbing  Systems.  —  The  testing  of  plumbing  work 
began  about  twenty-five  years  ago.  A  number  of  residences 
remodeled  by  leading  sanitary  engineers,  previous  to  this  period, 
had  the  pipes  tested  under  water  pressure.  The  Health  Depart- 
ments required  only  the  testing  of  the  main  lines,  whereas  the  prac- 
tice of  the  best  sanitary  engineers  at  that  time  was  to  include  in  the 
test  all  the  branches  up  to  the  fixtures,  and  particularly  the  ferrule 
joints. 

Modern  Open-plumbing  Work.  —  Residences,  at  this  time,  began 
to  be  fitted  up  with  a  much  larger  number  of  modern  water-supplied 
conveniences,  and    the   method  of  fitting  up  water-closets,  wash 
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Fig.  2IO.     Section  of  Plumbing  in  Modern  Bath  Room. 


basins  and  sinks  without  any  encasing  woodwork,  and  entirely  open, 
soon  became  quite  general.  As  stated  heretofore,  a  few  sanitary 
engineers,  who  made  house-drainage  work  their  specialty,  had  for 
years  advocated  and  carried  out  in  their  practice  this  superior 
arrangement.  Fig.  209  shows  in  perspective  view  a  modern  bath 
room  with  the  plumbing  kept  exposed  to  view,  and  Fig.  210  show^s 
in  section  how  the  pipe  connections  for  the  same  are  arranged. 

Washout  Closets.  —  The  water-closets  which  became  most  popu- 
lar during  this  period  were  the  "washout"  closets,  modeled  after 
the  pattern  of  the  "Brighton"  closet,  and  manufactured  by  nearly 
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every  dealer  in  plumbing  fixtures;  also  a  pneumatic  all-porcelain 
closet.  As  soon  as  these  were  sold  at  a  reasonable  price,  they 
gradually  replaced  the  pan,  the  plunger  and  the  valve  closets  to  such 
an  extent  that  these  unsanitary  fixtures  eventually  disappeared 
entirely  from  the  market. 

Plumbers'  Earthen  and  Porcelain  Ware.  —  In  the  houses  of 
wealthy  people  solid  porcelain  bath  tubs  became  very  popular; 
these  were  manufactured  in  England  and  imported  in  this  market. 
The  introduction  of  all-porcelain  water-closets  created  a  large  and 
constantly  growing  industry  at  the  manufacturing  potteries.  Since 
many  years  laundry  tubs  and  kitchen  sinks  of  porcelain  with  flat 
rims,  requiring  a  wooden  top,  have  been  made,  and  in  the  year  1893 
the  first  porcelain  bath  tub,  with  glazed  rim,  was  made  in  Trenton, 
N.  J.  The  quality  of  the  American-made  porcelain  in  bath  tubs, 
sinks  and  other  articles  has  rapidly  improved,  and  is  now  believed 
to  be  equal  to  the  foreign-made  article. 

Use  of  Brass  Pipes  in  Plumbing.  —  Other  improvements  in  the 
plumbing  work  of  houses  followed  with  the  more  general  introduc- 
tion of  the  exposed  and  accessible  plumbing  work,  such  as  the  more 
extensive  use  of  brass  pipes.  The  smaller  sizes  of  seamless  drawn- 
brass  pipe  were  manufactured  first  in  the  year  1840.  Such  pipes 
were  used  at  first  chiefly  for  hot-water  pipes  in  place  of  lead.  The 
manufacturers  afterwards  adopted  the  annealing  process,  which  ren- 
dered the  brass  pipes  softer  and  more  adapted  for  use  in  plumbing 
work.  Annealed-brass  pipes  at  once  proved  very  successful ,  and  from 
that  time  on  these  pipes  were  used  more  and  more,  particularly  for 
the  exposed  parts  of  the  piping  in  buildings.  At  first,  light  brass  tub- 
ing was  used,  but  gradually  a  heavy  material  was  manufactured,  and 
for  some  years  brass  pipes  have  been  made  of  iron-pipe  size  and  with 
threads  to  fit  standard  fittings.  When  exposed  work  became  more 
universal,  brass  pipes  of  larger  caliber  were  likewise  used  for  waste 
and  vent  pipes,  and  the  easy  way  in  which  such  pipes  can  be  plated, 
with  either  nickel  or  silver,  rendered  them  particularly  adapted  for 
the  open  work  in  modern  bath  rooms,  which  gradually  became  the 
fashion.  The  only  drawback  of  such  piping  is  that,  by  continued 
rubbing  and'  polishing,  the  plating  will  wear  off.  This  has  recently 
been  obviated  by  the  introduction  of  nickeline  or  nickel-silver  pipes 
and  fittings,  made  of  white  metal,  a  composition  of  nickel  and  brass. 
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Introduction  of  Siphon  and  Siphon-jet  Closets.  —  When  the 
defects  of  washout  closets  became  known,  about  fifjeen  years  ago, 
the  now  deservedly  popular  siphon  and  siphon-jet  closets  came  to 
the  front.  Such  all-porcelain  closets,  having  a  large  volume  of 
water  in  the  bowl,  and  with  a  deep  trap  seal,  and  operated  and  dis- 
charged by  means  of  a  jet,  are  now  manufactured  by  all  firms  dealing 
in  plumbing  specialties. 

Non-siphoning  Traps. —  Other  improvements  in  plumbing  details 
relate  to  the  manufacture  of  traps.  At  this  period  several  of  the 
well-known  non-siphoning' traps  and  anti-siphon  vent  attachments 
were  invented  and  sold. 

Chief  Features  of  a  Modem  House-drainage  System.  —  From  year 
to  year  new  and  valuable  advancements  in  the  plumbing  and  drain- 
age system  of  houses  have  been  made,  and  plumbing  rules  issued 
by  Health  Departments  have  been  much  improved.  The  present 
rules,  for  instance,  require  the  piping  in  all  buildings  to  be  of  the 
kind  known  as  **  extra  heavy."  It  is  nowadays  the  practice  of 
Building  and  Health  Departments  to  test  not  only  the  rough  plumb- 
ing work,  but  also  the  completed  work,  either  by  a  peppermint  or  a 
smoke  test. 

The  chief  features  of  the  plumbing  system  of  buildings,  as  installed 
at  the  close  of  the  nineteenth  century  in  small  as  well  as  more  pre- 
tentious buildings,  have  been  described  in  Chapter  I. 

Future  Progress  and  Improvements.  — To  the  writer  it  would 
seem  that  future  progress  should  be  directed  towards  a  further 
simplification  of  the  work.  It  cannot  be  denied  that,  as  at  present 
carried  out,  such  work  is  often  unnecessarily  intricate  and  hence  too 
expensive.  •  While  thoroughly  believing  in  good  work,  made  safe 
from  a  sanitary  point  of  view,  I  hold,  that  great  improvements  could 
be  brought  about  by  a  judicious  simplification  of  the  work. 

Fig.  212  shows  a  modified  drainage  system,  arranged  in  accord- 
ance with  the  author's  views,  wherein  non-siphoning  traps  are  used 
under  some  of  the  fixtures,  thereby  avoiding  much  of  the  present 
complication,  and  reducing  the  number  of  pipe  lines  carried  through 
a  building.  Such  a  system  might  aptly  be  called  the  "one-pipe 
system"  as  distinguished  from  the  double-pipe  system  shown  in 
Fig.  211. 

To  further  emphasize  the  difference  between  present  methods 
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Fig.  211.     Diagram  of  House  Drainage,  Arranged  on  the  Two-Pipe  System. 
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Fig.  aia.     Diagram  of  House  Drainage,  Arranged  on  the  One-Pipe  System. 
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Fig.  213;     Drawing  Illustrating  Complication  of  Present  Bath  Room  Piping. 


Note: 

Each  Fixture  connected  separately 
to  the  ventilated  Soil  Pipe.-Bath  Tub,  Basin 
and  sink  have  non-Biphoning  Traps,  W.O.  has 
a  trap  with  deep  seal. 


Fio.  214.     Drawing  Illustrating  Simplicity  of  Advanced  Plumbing  System  for  a 

Bath  Room. 
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and  the  simplification  and  reforms  urged  for  the  future,  Figs.  213 
and  214  show  the  arrangement  of  the  piping  in  the  same  bath  room, 
Fig.  213  illustrating  the  present  complication,  while  Fig.  214  shows 
how  simplicity  may  be  effected  while  yet  retaining  all  those  features 
which  render  the  plumbing  safe.  In  Chapter  III  this  difference 
between  the  present  and  the  advanced  plumbing  methods  has  been 
explained  more  in  detail. 
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SPECIFICATION   REMINDER. 


Notice  to  Bidders,  Proposals,  Blank  Form  of  Proposal,  Esteicates- 
II.    General  Conditiqns  and  Contractor's  Obligations. 


General  clauses. 

Excavation,  digging  and  filUng-in. 

Rock  excavation. 

Sewer  connections. 

Water  connections: 

Taps  — 
number  of. 
size  of. 

material  for  street  pipe. 

shut-off  valve. 

box  for  shut-oflF. 

pressure  gauge  on  service. 
Gas  connections: 

number  of  gas  connections. 

size  of  gas  connections. 

shut-off  valves. 

pressure  gauge  on  gas  service. 
Cutting  of  walls. 

Making  holes  in  outside  walls  water- 
tight. 
Cutting  of  floors. 
Assistance  of  other  trades: 

carpenter. 

mason. 

plasterer. 

painter. 

steam  fitter. 

electrician. 

roofer. 

tiler. 

marble  men. 
Interpretation  of  plans  and  specifica- 
tions. 
Guarantee,  in  writing. 
Certificate,    to    be    countersigned    by 

engineer  and  architect. 
Water  for  building  purposes. 
Temporary  water-closets: 

installing  of  same. 

maintenance  of  same. 


460 


Plans  and  specifications: 

the  property  of  engineer. 

to  be  returned  before  final  certificate 
is  issued. 
Permits,  to  be  obtained  by  contractor. 

fee  for  permits. 
Rules  and  regulations  of: 

building  department. 

street  department. 

water  department. 

health  department. 

gas  company. 

board  of  underwriters. 
Ordinances,  City. 
Laws,  State. 

Rubbish  and  cleaning-up. 
Maintenance  of  cleanliness,  during  con- 
struction. 
Accidents,  liability  for,  or  damage. 
Sub-contractors. 
Definitions: 

owner. 

architect. 

consulting  engineer. 

contractor. 

sub-contractor. 

plumbing  foreman. 

skilled  labor. 
Delays. 
Extra  work. 
Access  to  the  work. 
Allowances  or  credits. 
Changes  or  alterations  in  plans. 
Changes  or  alterations  in  specifications. 
Time  for  completion  of  work. 
Insurance. 
Inspection. 
Supervision. 
Disputes. 
Cobperation  of  trades. 
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Measurements: 

to  be  taken  at  building. 

verification  of  measurements. 
Specialties    and    work     covered    by 

patents. 
Drawings: 

scale  drawings  of  floor  plans. 

detail  or  workshop  drawings. 

figured  dimensions. 
Setting-out  of  the  work. 
Delivery  of  material. 
Storage  of: 

materials. 

fixtures. 
Protection  of  the  work. 
Defective  or  improper  work. 
Character  of  workmanship  or  materials. 
Tools  and  appliances  —  scaffolding. 
Lockup  for  contractor. 
Gasoline  vapor  furnaces. 
Cancellation  of  the  contract. 
Certificates,  of  tests  and  inspections. 
Certificate,  final. 

Record  plans,  for  plumbing,  drainage, 
water  supply,  fire-protection  sys- 
tem. 
Diagrams  of  location  of  valves  and  shut- 
offs. 

III.  Tests  of  Work  During 

Construction  and  After 

Completion. 

Test  of  sewer  connection. 
Test  of  water  connection. 
Test  of  gas  connection. 
Test  of  roughing  work,  comprising  soil-, 
waste-  and  vent-pipe  system. 

(a)  by  water. 

(6)  by  air. 
Test  of  water-supply  pipes. 
Test  of  fire  lines. 
Test  of  gas  piping. 
Test,  final,  of  plumbing  work. 

(a)  oil-of-peppermint  test. 

(b)  smoke  test. 

(c)  sulphur  test. 

(d)  pneumatic  test. 

Test  of  operation  of  fixtures. 

Test    of    flushing    of    water-closets, 

urinals,  etc. 
Inspection,  final,  of  completed  work. 
Test  of  filters. 
Test  of  pumps. 
Test  of  hot-water  heater. 


Test  of  hot-water  circulation. 
Test  of  fire  apparatus. 
Test  of  ejector  piping. 
Test  of  siunp  system. 

IV.    General  Description  op 
Work. 

Description  of  work : 
sewer,  water,  gas  connections, 
roughing-in  work, 
water-supply  system, 
sump  system, 
ejector  system   or   drainage    below 

sewer  level, 
plumbing  work, 
fixtures, 
gas  piping. 

V.    Materials. 

^Samples. 

'Materials  in  general,  kind  and  quality. 
Note  about  pipe  diameters. 
Note  about  Building  Department  Rules 

forming  part  of  the  specification. 
Pipes  for: 

sewer  connections. 

water  connections. 

gas  connections. 
Earthenware  drain  pipes. 
Agricultural  tiles  for  cellar  drainage. 
Cement: 

American  Portland. 

Rosendale. 

Imported  Portland. 

quick-setting  cement. 
Sand. 
Mortar. 
Concrete. 
Brickwork. 

House  sewers,  below  sewer  level. 
House  sewers,  underground. 
House  drains,  above  cellar  floor. 
Drains  for  sump  system. 
Area,  court  and  yard  drains. 
Iron  frames  and  covers. 
Brick  pits  or  manholes  for  traps,  valves, 

clean -outs,  etc. 
Valve  boxes. 
Wrought-iron    soil,  waste,    and    vent 

pipes. 
Fittings. 

Add-proof  pipe  for  lavatories  and  other 
special  purposes. 
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Allowance  for  substitution  of  cast-iron- 
pipe  system  for  screw-jointed  sys- 
tem. 
Inside  leaders. 
Outside  leaders. 
Pipes: 

above  roof. 

how  finished. 

how  high  carried. 
Vents  for  Sump  System. 
Branch  waste  and  vent  pipes: 

concealed. 

exposed. 
Supply  pipes: 

concealed. 

exposed. 
Fittings. 
Supply  pipes: 

for  cold  water. 

for  hot  water. 
Distribution  pipes  in  cellar. 
Supply  pipes,  where  below  cellar  floor.. 
Pipe  sleeves,  for  supply  pipes. 
Hangers  and  pipe  supports. 

(a)  soil,  waste  and  vent  pipes. 

(b)  supply  pipes. 

Flush  pipes  for  water-closets,  urinals 

and  slop-sinks. 
Stopcocks: 

ordinary. 

roundway. 
Globe  valves. 
Gate  valves  and  shut-ofiFs. 
Valves  directly  at  fixtures. 
Fire  valves. 
Gas  valves. 
Drip  valves. 
Tags: 

for  valves. 

to  be  numbered. 

printed  list  of  valves. 

diagram  showing  location  of  valves. 
Lead  pipe. 
Brass  pipe. 
Tin-lined  lead  pipe. 
Tin -lined  wrought-iron  pipe. 
Tinned -brass  pipe. 
Block -tin  pipe. 
Nickeline-silver  pipe. 
Galvanized  wrought-iron  pipe. 
Wrought-iron  pipe,  plain  or  black. 
Lead-lined  wrought-iron  pipe. 
Brass  ferrules  and  soldering  nipples. 
Brass  clean-outs. 
Brass  floor  flanges. 


Air  chambers. 
Escutcheons. 
Fittings  for: 

wrought-iron  pipe. 

cast-iron  pipe. 
Drains  for: 

areas. 

court  yards. 

marquise. 

balconies. 

ramparts. 
Short  nipples. 
Wall  chases,  provision  for. 
Drains  for  ejector  system. 
Drains  for  sump  system. 
Copper  leader  boxes. 
Pig  or  bar  lead. 
Sheet  lead. 
Sheet    copper,   plain,    planished    and 

tinned. 
Solder. 

Sheet  lead  for  shower-bath  lining. 
Pressure-reducing    valves    and    pres- 
sure regulators. 
Gauge  board. 
Pressure  gauges: 

for  water. 

for  steam. 
Altitude  gauges. 
Vacuum  gauges. 

Recording  gauges:  clock,  stroke  indica- 
tor, recording  water-level  gauges. 
Refrigerator  waste;  supplies  for  flushing. 
Safe  wastes. 
Tank  tell-tale  pipe. 
Tank  overflow  pipe. 
Tank -emptying  pipe. 
Waste  pipe  for  filter  wash. 
Waste  and  emptying  pipe  for  hot-water 

tank  and  heater. 
Gauge  glasses  for  tanks. 
Refrigerator  waste  pipes. 
Ice  boxes,  drips  or  wastes  for. 
Pump  risers. 
Down  pipe  from  tank. 
Inside  fire  standpipes. 
Inside  fire  valves. 
Fire  hose: 

for  inside  use. 

for  outside  use. 

reels. 

racks. 

special  supports. 

recesses  for. 

nozzles. 
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Fire  hydrants,  outside. 
Siamese  fire-department  connections. 
Hydrant  wrenches. 
Hose  spanners. 

Gate  and  check  valves  for  fire-protec- 
tion system. 
Floor  drains  —  floor  cesspools. 

waste  pipes  for  same. 

flushing  devices  for  same. 
Boiler  blow-off  pipes. 
Faucets. 
Sill  oocks. 
Street  washers. 

Anti-water-hammer  attachment. 
Cut-offs. 
Supplies  and  wastes   for  refrigerator 

macliinery. 
Strainers,  for  balconies,  area  and  court 

drains,  cellar-floor  drains. 
Supplies  and  overflow  pipes  to  elevator 
machinery    (for   hydraulic   eleva- 
tors). 
Supplies  and  wastes  for  laundry  ma- 
chinery. 
Supplies  and  wastes  to  kitchen   and 

cooking  apparatus. 
Supply  and  wastes  to  gas  machines. 
Supplies  for  gas  water  heaters. 
Supplies  and  emptying  pipes  for  hot- 
water  tanks. 
Supplies  for: 

heating  apparatus. 

furnace. 

steam  boiler. 

hot-water  apparatus. 
Local  vent  flues. 
Boiler  blow  off  in  connection  with  house 

sewer. 
Vent  registers. 
Gratings. 
Strainers. 
Local  ventilation,  electric  fan  motors 

for. 
Conduit  pipes. 
Fresh -air  inlets. 
Fresh-air  louvres. 
Non-conducting  covering: 

for  hot -water  pipes. 

for  steam  pipes. 

for  brine  pipes. 

for  hot-water  tanks  and  heater. 

for  filters. 

for  tanks. 

for  cold-water  pipes. 

for  smoke  pipes. 


Finish  of  exposed  pipes  and  fittings  at 
fixtures: 

silver  plated. 

nickel  plated. 

polished  yellow  brass. 

steam  or. red  metal. 

white  metal. 
Finish  of  exposed  soil,  waste  and  vent 
lines: 

painting. 

enamel  painting. 

bronzing. 

boxing  up. 

covering  with  lath  and  plaster. 
Finish  of  supply  pipes: 

painting. 

enamel  painting. 

bronzing. 

lacquering. 
Protection  of  plated  and  brass  work. 
Protection   of  pipes   in    contact   with 

lime  or  cement. 
Protection  of  fixtures  and  appliances 

set. 
Finish  of  machinery: 

pumps. 

ejectors. 

compressors. 

filters. 

meters. 

suction  tank. 

pressure  tank. 

house  tank. 

air  tank 

hot-water  tank. 

hot-water  heater. 
Marks  or  names  on  materials,  special. 
Finish  of  walls  and  floors. 
Vitreous  stoneware. 
Solid  porcelainware. 
Enameled  ironware. 
Woodwork. 
Glass  work. 
Tiling  work. 
Alberene  stonework. 
Grease  traps. 
Traps  for  leaders,  areas,  yards,  courts, 

balconies. 
Traps  for: 

main  house  sewer. 

fresh-air  inlet. 

boxes  —  gratings. 

strainers  —  flushing  devices. 
Trap  and  fresh-air  inlet  for  sump  sys- 
tem. 
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Back  water  or  tidal  valves. 

on  main  house  sewer. 

on  branches. 
Traps  for  fixtures: 

basins. 

bath  tubs. 

water-closets. 

urinals. 

slop-sinks. 

kitchen  sinks. 

pantry  sinks. 

other  sinks. 

laundry  tubs. 

shower  baths. 

bidets,  urinettes. 

sitz  baths. 

needle  baths. 

other  fixtures. 
Material  of  traps: 

lead. 

brass. 

copper. 

iron. 

porcelain. 
Anti-siphon  traps. 
Pipe  safes,  material  for  lining. 
Future  fixtures,  connections  for. 
Marble  work: 

kind  and  quality  of  marble. 

thickness  in  the  finish. 

finish  of  marble. 

molding. 

counter-sinking. 

setting,  fitting  and  securing  in  place; 
bedding  marble;  fastening  to 
walls. 

screws,  clamps,  bolts,  legs. 

shop  drawings  for  marble. 

floor  slabs,  size  and  finish. 

basin  slabs,  size  and  finish. 

backs,  size  and  finish. 

aprons,  size  and  finish. 

shelves. 

capping. 

urinal  stalls. 

water-closet  and  shower-bath  com- 
partments. 

water-closet  partitions. 

window  sills. 

shower-bath  stalls. 
Slate  work. 
Glass   work. 

Cutting  and  drilling  for  marble,  glass, 
slate. 


VI.    Workmanship. 

Workmanship: 

in  general. 

skilled  labor. 

common  labor. 
Defective  work. 
Pipe  joints: 

cast-iron  pipe. 

wrought-iron  pipe. 

lead  pipe. 

brass  pipe. 

lead  and  cast  iron. 

lead  and  wrought  iron. 

cast-iron  and  earthenware. 
Coupling  joints. 
Connections;  junctions. 
Pipe  supports,  hangers,  straps,  hold- 
fasts. 
Spacing  of  pipes. 
Roof  joints. 

Pipes  passing  through  floors,  sealing  of 
openings  with    mineral   wool    or 
cement. 
Floor  joints  of  water-closets,  etc. 
Expansion  loops. 
Pipe  alignment. 
Grade  or  inclination  of  pipes. 
Clean -outs. 
Traps,  setting  of  the. 
Offsets. 
Bends. 

All  pipes  to  be  kept  accessible. 
No  pipes  to  be  on  outside  walls. 
Water-proofing  at  front  wall  and  in 
cellar. 


VII. 


Schedule  of  Plumbing 
Fixtures. 


Schedule  of  plumbing  fixtures: 
lists,  diagrams,  or  tables  of  fixtures 
(for  large  buildings).     Number  of 
fixtures:  by   buildings;  by   floors; 
by  location;  by  kind  of  fixtures. 

VIII.    Description  of  Plumbing 
Fixtures. 

Description  of  plumbing  fixtures: 
in  general. 

character,  make,  type,  material, 
approval  of  fixtures, 
no  change  to  be  made  in  fixtures 
selected. 
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Open  setting  of  plumbing  fixtures. 
Water-closets: 

for  private  bath  rooms. 

for  public  toilet  rooms. 

for  employees  or  help. 

for  children  (in  schools). 

bowls,  seats,  lids  or  covers. 

flushing  tanks  or  dstems. 

latrines. 

flush-valve  supply. 
Water-closet  ranges  or  troughs. 
Urinals: 

for  public  toilet  rooms. 

for  employees. 

stalls  for  urinals:  platforms,  backs, 
partitions. 

bowls. 

trough  or  gutter  urinals  for  schools; 
niche  urinals;  pedestal  urinals. 

flush  valves,  flush  pipes. 
Urinettes:  for  women's  toilet  rooms. 
Lavatories: 

for  private  bath  rooms. 

for  public  toilet  rooms. 

for  offices. 

for  ediployees  or  help. 

slabs,  bowls,  materials,  size,  aprons, 
backs,  bases. 

waste,  style  of. 

supplies,  style  of. 
Lavatory  ranges   for  schools  or  fac- 
tories. 
Bath  tubs: 

for  private  bath  rooms. 

for  public  bath  rooms. 

for  employees  or  servants. 

material,  size,  shape,  supports. 

waste,  style  of. 

suppHes,  style  of. 

outside  finish. 

decorations. 
Sitz  baths. 
Foot  baths. 
Bidets. 

Needle  bath,  style  of. 
Shower  bath:    douches,   sprays,   rain 

baths,  inclined  douche. 
Bath-tub.  showers:     stationary,    por- 
table. 
Swimming  bath,  basin,  or  pool. 
Special  forms  of  baths: 

rain  baths. 

plunge  baths. 

hebra  or  permanent  water  baths. 

swimming  pool. 


Special  forms  of  baths: 

outdoor  pools. 
Housemaids'  slop>-hoppers  or  sinks: 

style  and  material. 

flushing  tank. 

rim  guards. 
Hospital  slop-sinks  (clinical  sinks)  with 

upward  jet. 
Laundry  tubs: 

style  and  material. 

size. 

supplies,  style  of. 

wringer  bases. 

wringer. 

backs,  integral  or  separate. 
Laundry  range: 

for  gas. 

for  coal. 
Kitchen  range: 

style,  make,  size. 

coal  range,  gas  range. 

combination  coal  and  gas. 

hood  over  range. 

water  back. 

connections. 
Kitchen  boiler: 

material. 

size. 

support. 

couplings  or  spuds  for  connections. 
Laundry  boiler: 

material. 

size. 

supports. 

pipe  connections. 
Hot-water  tank: 

material. 

size. 

supports. 

pipe  connections. 

thermometer. 

thermostat. 

non-conducting  covering. 
Hot-water  heater: 

make,  size,  capacity. 

smoke  flue. 

non-conducting  covering. 
Sinks: 

for  kitchen. 

for  pantry. 

for  engineer  or  cellar. 

for  laundry. 

for  housemaid. 

bottle -washing  sink. 

for  chemical  laboratories. 
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Sinks: 

special  sinks. 

hotel     sinks:  for    meat,    ice,    fish, 
oysters,  silver  washing,  etc. 

material,  size,  supplies,  connections, 
traps,  grease  traps. 
Refrigerators: 

safes,  sizes,  materials. 

drip  pipes. 

wash  pipes. 
Street  hydrants  or  wash  paves. 
Outside  Siamese  fire  connections. 
Sill  cocks  or  hose  connections. 
Special  fixtures: 

Gras  plate  warmers;  connections. 
Gas  meters. 
Gas  water  heaters. 
Sump  and  sewage  pumps: 

centrifugal  pumps. 

submerged  centrifugal  pumps. 
Sewage  lifts  or  ejectors: 

Shone. 

Adams. 

Merritt. 

Ellis. 

Ansonia. 
Fountains. 

Special  laundry  machinery. 
Special  kitchen  fixtures. 
Special  dish-washing  machinery. 
Stable  fittings  and  fixtures: 

carriage  washer. 

harness-washing  sink. 

niche  for  hose  bibs. 

watering  trough. 

stable  gutters;  box-stall  gutters. 

cesspools  and  traps  for  gutters. 

stable  stoves. 

patent  stall  floors. 

means  for  flushing  stall  floors. 
Stable  auxiliaries: 

sponge  holders. 

hooks. 

hose  brackets. 
Bath-room  auxiliaries: 

glass  or  marble  wash-basin  shelves. 

basin  towel  racks. 

basin  mirrors. 

medicine  closets. 

basin  soap  dishes. 

toilet-paper  fixtures  or  holders. 

roller  towel  racks. 

coat  hooks,  single,  double. 

shower-bath  seats. 

sponge  racks. 


Bath-room  auxiliaries: 
bath-tub  holdfasts, 
bath-tub  soap  dishes, 
towel  shelves, 
metal  baskets  for  soiled  towels. 

DC.    General  Notes  Applying 

TO  All  Fixtures. 

Requirements  applying  to  all  fixtures. 

X.    Water-supply  Plant. 
Description  of  water-supply  plant: 

water  tap. 

water  service. 

water  meter. 

water  filters,  house  or  general. 

suction  tank. 

roof  or  house  tanks. 

intermediate  tanks. 

pressiue  tanks. 

hot-water  tanks. 
Water  sterilizers. 
Water  stills. 
Drinking-water  filters. 
Hand  pumps: 

force  pumps. 

lift  pumps. 

cistern  and  well  pumps. 
Electric  piunps. 
Hydraulic  rams  or  engines. 
Water  wheels. 
Water  motors. 
Steam  pumps. 
Fire  pumps: 

redpTocating. 

rotary. 

steam. 

electric. 
Hot-air  engines  for  pumping  water. 
Gas  engines. 
Air  compressors. 
Windmills. 

Compressed-air  storage  tanks. 
Gauge  board. 

Instructions  for  operation  and  mainte- 
nance of  water-supply  equipment. 

XI.    Arrangebcent  of  FijiE  Pro- 
tection. 

XII.    Arrangement  of  Water 

Supply. 

Water    supply,    arrangement    of,    in 

general. 
Cold-water  supply,  arrangement  of. 
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Hot-water  supply,  arrangement  of. 
Circulation  system,  arrangement  of. 
Expansion  pipes  and  loops. 
Water  pipes,  grading  of  the. 
Running  water  pipes. 
Branch  supplies,  sizes  of. 
Pipes,  run  exposed  and  accessible. 
No- water  pipes  to  be  placed  on  outside 

walls. 
Cutting  not  to  be  done  by  plumber. 
Frostproofing  of  water  pipes. 
Valves: 

tags  for  valves. 

list  of  valves. 

diagram  of  location  of  valves. 
Shut-offs  with  drip  or  pet  cocks. 
Hose  bib  cocks. 
Ball  cocks. 
Faucets. 

Cisterns,  hush  pipes  for. 
Hot-'water  heaters. 
Hot-water  tanks. 
Hot-water  risers. 

Water  supply  to  machinery  not  belong- 
ing to  the  plumbing. 
Flush-valve  supply,  arrangement  of. 
Auxiliary  or  summer  heaters. 
General  note  pertaining  to  aU  water-sup- 
ply pipes. 


XIII. 


Arrangement  of 
Drainage. 


Enumeration    of    soil,    waste,    vent, 

leader  risers. 
Storm-water  drainage,  arrangement  of. 
House  sewerage,  arrangement  of. 
Subsoil  drainage,  arrangement  of. 
Sump  drainage,  arrangement  of. 
Plimibing  work,  arrangement  of. 
In  general. 
Sizes  of  pipes. 
Grades. 
Alignment. 
Junctions. 
Clean -outs. 

Supports  and  fastenings. 
Cellar  drainers,  arrangement  of. 
Plumbing  fixtures,  arranged  in  an  open 

manner. 
Waste  connections  of  machinery  not 

belonging  to  the  plumbing. 
Floor  drains,  arrangement  of: 

for  filter  room. 

for  other  rooms. 


Sizes  of  waste  pipes: 
Sizes  of  traps. 

Sizes  of  vent  pipes,  for  fixtures. 
General  arrangement  of  ejector  sys- 
tems: 

sewage  ejectors. 

air  compressors. 

motors;  voltage. 

pressure  regulator. 

automatic  starting  device. 

XIV.    Arrangement  of  Gas 
Piping. 

General  conditions. 

Quality  of  materials. 

Workmanship. 

Cutting  of  floor  beams. 

Pipes  for  gas  piping. 

Fittings. 

Hooks,  clips  and  straps. 

Joints. 

Shut-ofiF  valves  and  tags. 

Lbt  of  gas  valves. 

Gas  valves  for  fireplace  logs. 

Gas  meter: 

furnished  by. 

location. 

size. 

pipe  connections. 
Setting  out  the  gas  piping. 
Sizes  for  gas  pipes.    Table. 
Main  gas  service.  , 

Gas  risers: 

number  of. 

size. 

location. 
Gas  outlets: 

location  of. 

number  of. 
Distributing  pipes  for  gas,  location  and 

manner  of  nmning  them. 
Bracket  lights. 
Drop  lights: 

center  lights. 

pendants  and  chandeliers,  pipe  for. 
Method  of  fastening  outlets. 
Height  of  bracket  outlets. 
Length  of  nipples. 
Test  of  gas  piping. 
Test  to  be  repeated  before  gas  fixtiires 

are  hung. 
Gas  pipes  exposed  to  frost. 
Pipe  obstructions. 
Gas  fixtures. 
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Fuel  gas:  Gas  machine: 

to  furnace.  type;  make. 

to  boiler.  setting;  connecting. 

to' gas  engine.  water  supply  for. 

to  gas  range. 

to  gas  logs.  XV.    Index. 

to  gas  stoves.  List  of  drawings. 

Meter  for  fuel  gas.  Index  of  pages. 


APPENDIX   D. 


In  preparing  estimates  or  making  preliminary  sewerage  plans  for 
large  buildings,  it  becomes  desirable  to  have  the  relation  between 
inclination,  size,  velocity  and  discharge  of  a  sewer  in  a  shape  which 
may  permit  of  finding,  at  a  glance,  two  of  the  above  quantities  when 
the  other  two  are  given. 

Diagram  Plate  12,  Chapter  VIII,  was  constructed  by  the  author 
in  1881  so  as  to  illustrate  the  relation  of  these  four  quantities.'  It 
is  based  upon  Baldwin  Latham's  Tables,  calculated  from  Weisbach's 


formula: 


V2gh 
v  = ^ — 


v^ 


I  +  e  +  c- 
a 


h  ==  head  of  water  in  feet. 

/  =  length  of  sewer  in  feet. 

d  =  diameter  of  sewer  in  feet. 

V  =  velocity  in  feet  per  second. 

c  =  coefficient  for  friction  in  pipes. 

e  =  coefficient  of  resistance  for  entrance. 

g  =  acceleration  of  gravity  =  32.2. 

The  coefficient  {e)  may  be  assumed  according  to  Weisbach  as  =  .505 

on  the  average.     The  coefficient  {c)  is  somewhat  variable  with  the 

square  root  of  the  velocity  (v),  viz.: 

,    .016021 
c  =  .01439  + £—  . 

\/v 
With  a  velocity  {v)  and  the  diameter  (d),  the  discharge  is  accord- 
ingly found  by  the  formula:  ^ 

4 
(Q)  being  discharge  in  cubic  feet  per  second,  with  the  sewer  run- 
ning full.     If  we  assume  the  sewer  running  only  half  full,  the  dis- 
charge per  minute  becomes 

,Q  =-vX6oX  —  ,in  cubic  feet. 
2  4 
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The  diagram  was  constructed  for  circular  sewers  from  3  to  36 
inches  diameter,  this  range  of  diameters  being  considered  more  than 
ample  for  the  purpose  for  which  the  diagram  was  intended. 

It  gives  the  discharge  for  sewers  running  half  full.     It  is,  however, 

equally  serviceable  for  sewers  riuming  full,  as  the  hydraulic  mean 

sectional  area  of  waterway        ,  1,1- 

radius,  i.e., ,  and  consequently  the  velocity, 

wetted  perimeter 

are  the  same  in  both  cases.  The  discharge  (Q)  is  therefore  simple- 
equal  to  double  the  value  found  in  the  diagram. 

The  diameters  are  plotted  as  abscissas  and  the  velocities  as  ordi- 
nates. 

One  set  of  curves,  all  of  which  pass  through  the  zero  point,  repre- 
sents the  various  grades  of  the  sewer. 

Another  set  of  curves  crossing  the  first  set  of  curves  represents  the 
discharges  of  the  sewer  for  different  diameters  and  velocities,  and 
these  curves  are  functions  of  VS*. 

It  may  be  well  to  mention  that  the  numerical  values  of  Latham's 
Tables  are  strictly  applicable  only  to  a  length  of  the  sewer  equal  to 
the  rate  of  the  inclination  multiplied  by  the  velocity;  but  for  approxi- 
Inate  results,  such  as  are  sufficiently  close  in  preliminary  estimates, 
the  error  arising  from  adapting  the  value  to  any  length  of  sewer  is 
small  and  need  not  be  considered. 

With  the  four  quantities 

Q  =  discharge, 
V  =  velocity, 

i  =  rate  of  inclination  =  - , 
d  =  diameter, 

the  following  six  diflFerent  problems  may  arise  (being  the  possible  com- 
bination of  four  elements  by  two) ;  viz. : 

1.  Given  Q  and  i,  to  find  d  and  v. 

2.  Given  d  and  i,  to  find  Q  and  v, 

3.  Given  Q  and  v,  to  find  d  and  i, 

4.  Given  d  and  v,  to  find  Q  and  i. 

5.  Given  Q  and  d,  to  find  i  and  v, 

6.  Given  v  and  i,  to  find  Q  and  d. 
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The  first  and  second  cases  are  those  which  occur  most  frequently 
in  practice. 

The  use  of  the  diagram  is  illustrated  by  the  following  examples, 
one  being  given  for  each  of  the  six  cases. 

Problem  i.  —  Given  the  inclination  of  a  sewer  to  be  i  in  250,  and 
the  discharge  (if  running  half  full)  200  cubic  feet  per  minute,  what 
will  be  the  diameter  of  the  sewer  and  what  the  velocity  of  flow  in  it? 

Answer,  — Turning  to  the  diagram,  and  following  the  two  curves 
Q  and  i  to  their  point  of  intersection,  we  find,  by  going  from  this  point 
horizontally  to  the  end  of  the  line,  the  required  size  to  be  17.75  inches 
diameter,  and  by  going  vertically  upward  we  find  the  velocity  to  be 
about  3.9  feet  per  second. 

If  the  same  discharge  is  to  be  efiFected  by  a  sewer  running  full  we 
first  divide  Q  by  2,  and  look  into  the  diagram  for  the  intersection  of 
f  =  I  in  250  and  Q  =  100  cubic  feet.  In  this  case  the  required  size 
would  be  d  =  13.5  inches,  and  the  velocity  v  =  about  3.35  feet  per 
second. 

Problem  2.  — How  much  water  does  a  6-mch  house  drain  deliver 
per  minute,  running  half  full,  and  laid  at  an  inclination  of  i  in  100,  and 
what  would  be  the  velocity  of  the  water  ? 

Answer.  — The  intersection  of  the  horizontal  line  at  the  diameter 
6  inches  and  the  inclination  curve  i  in  100  falls  between  the  curves 
Q  =  20  and  Q  =  30,  and  is  found  by  interpolation  to  be  about  21 
cubic  feet  per  minute.  By  going  vertically  upward  from  the  point  of 
intersection  we  find  the  velocity  to  be  a  little  over  3.5  feet  per  second. 

Problem  3.  — What  is  the  size  of  pipe  necessary  to  deliver  40 
cubic  feet  per  minute  (running  half  full)  with  a  velocity  of  3  feet  per 
second,  and  what  inclination  should  be  given  to  the  pipe? 

Answer.  —  At  the  intersection  of  the  curve  Q  =  40  and  the  vertical 
line  V  =  3  feet,  we  find  the  diameter  =  9  inches,  and  the  inclination 
between  i  in  200  and  i  in  250,  say  i  in  210. 

Problem  4.  — How  much  water  will  a  12-inch  pipe,  the  flow  being 
at  the  rate  of  2.5  feet  per  second,  rimning  half  full,  discharge  per 
minute?    What  inclination  should  it  have? 

Answer.  — The  intersection  of  the  vertical  lines  v  =  2.5  and 
horizontal  line  d  =  12  inches  gives  the  discharge  to  be  between  Q  = 
50  and  60,  say  58  cubic  feet  per  minute,  and  the  grade  to  be  between 
I  in  350  and  i  in  400,  say  i  in  380. 


472         WATER  SUPPLY,   ETC.,   OF  MODERN  CITY  BUILDINGS. 

Problem  5.  —  Given  Q  ==  400  cubic  feet  per  minute,  rf  =  24  inches, 
what  are  (i)  and  (vy  ? 

Answer.  — The  intersection  of  Q  =  400  and  d  =  24  falls  between 
the  inclination  curves  i  =  i  in  250  and  i  in  300,  by  interpolation  t  =  i 
in  280.  The  velocity  is  found  by  going  from  the  point  of  intersection 
vertically  upward;  it  is  v  =  4.25  feet  per  second. 

Problem  6.  —  Given  v  =  3  feet  per  second,  t  =  i  in  90,  what  are 
rf  and  Q  ? 

Answer.  — The  intersection  of  the  vertical  line  v  =  3  and  the 
curve  i  =  I  in  90,  gives  Q  between  5  and  10,  say  about  8  cubic  feet 
per  minute,  and  the  diameter  to  be  very  nearly  4  inches. 


APPENDIX  E. 


Appendix  E  contains  eight  Conversion  Diagrams  (Plates  18-25)  which  have 
been  computed  and  plotted  in  the  author's  office,  and  which  will  be  found  use- 
ful in  hydraulic  problems  and  in  engineering  calculations  generally. 

Diagrams  Plates  18-23  ^^  ^^^  ^^  ^^^  ^^Y  special  explanation. 

Diagram  Plate  24  is  a  temperature  conversion  diagram,  the  conception  of 
which  is  not  original  with  the  author,  though  he  plotted  its  lines  and  introduced 
new  features. 

Diagram  Plate  25  gives  a  handy  scale  for  converting  metric  into  United  States 
measurements. 

Table  XV  gives  the  decimal  equivalents  of  fractions  of  an  inch. 
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Diagram  23.     For  Conversion  of  Pressure  in  Pounds  into  Head  in  Feet  and  Cubic 
Feet  per  Minute  into  U.  S.  Gallons  per  Hour. 
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TABLE   XV. 
Decimal  Equivalents  of  Fractions  of  an  Inch. 


A 

.01563 

u  1 

34375 

« 

67188 

A 

•03"S 

31  1 

35938 

H 

6875 

A 

.04688 

1   1 

375 

« 

70313 

A 

.0625 

iH 

39063 

}i 

71875 

A 

.07813 

a  1 

40625 

u 

73458 

A 

•09375 

a 

42188 

f 

75 

A 

.10938 

^    1 

4375 

n 

76563 

i 

"5 

n 

45313 

11 

78125 

A 

.14063 

a 

46875 

a 

79688 

/> 

•15625 

Hi 

48438 

n 

8125 

a 

.17188 

i  1 

5 

H 

82813 

A 

■187s 

H 

51563 

n 

84375 

u 

.20313 

li 

53125 

a 

85938 

A 

.21875 

« 

54688 

i 

875 

D 

•23438 

A 

5625 

a 

89063 

i 

•25 

»} 

57813 

ii 

90625 

11 

.26563 

11 

59375 

ii 

92188 

A 

•28125 

it 

60938 

H 

9375 

« 

.29688 

1 

625 

a 

95313 

A 

.3125 

ii 

64063 

11 

96875 

« 

•32813 

Hi 

65625 

a 

98438 

(From  Catalog  of  Brown  (k  Sharpe  Company.) 
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Acme  pressure  tank  water  storage  system, 

56,  314. 
Adams  sewage  lift,  34,  37- 
Adjustment  of  seat  to  water-closet  bowl,  138. 
Advanced  and  simplified  plumbing,  179, 184. 
Advantages  of  — 

return  circulation,  229. 

solid  porcelain  lavatories,  133. 

tank  pressure  system  of  supply,  212. 
Agricultural  drainage,  8. 
Air  chambers,  276,  332,  357,  363,  435- 
Air-pressure  test,  207. 
Alberene  stone,  365. 

thickness  of,  365. 
Alberene  stone  partitions,  387. 
Alignment  of  sewers,  397. 
Alloys,  435- 

Ansonia sewage  ejector,  33, 36,  between  35, 36. 
Antiquated  plumbing  systems,  1 79. 
An ti- water  hammer  attachment,  357. 
Aqueducts,  60,  432. 
Areas,  drainage  of,  18. 
Arrangement  of  — 

bathrooms,  106. 

fixtures,  386. 

refrigerator  waste  pipe,  97. 

system  of  house  drainage,  9. 

toilet  rooms,  334. 

water  distribution  system,  332. 

water-closets,  157. 

water  pipes,  270. 
Artificial  filtration  of  sewage,  406. 
Artificially  aerated  filter  beds,  406. 
Asphalted  wrought-iron  pipe,  249. 
Automatic  — 

flush  tanks,  203. 

flushing  of  urinals,  334. 

gas  water  heaters,  236,  329. 

gas  and  water  valve,  239. 

sewage  lifts,  27. 

sewer  flush  tanks,  335. 

temperature  controUers,  326. 
Auxiliary  roof  tank,  314. 
Average  daily  water  consumption,  287. 

B. 


Bacterial  purification  of  sewage,  406. 
Ball  cock,  217,  253. 
Bartholomew  water-closet,  445. 
Basins,  436. 
Basin  — 

with  chain  and  plug,  119. 
with  lift- up  plug,  126. 
with  shut-off  valve,  123. 
with  stand  pipe  overflow,  124. 
with  waste  cock  or  valve,  120. 
Baths  for  hospitals  and  institutions,  377. 
Bath  houses,  plumbing  of,  76. 
Bath  room  auxiliaries,  xi6,  117. 
arrangement  of,  106,  109. 
views  of,  107,  108,  171,  174-177" 
Bath  tubs,  44,  no,  435. 
cleaning  of,  344- 
for  servants,  104. 
portable,  378. 
waste  arrangement  of,  in. 
with  standpipe  overflow,  105. 
Benynian  type  hot-water  heaters,  329,  424. 
Bibs,  253,  436. 
Bidet,  ii4>  116,  436. 
Block- tin  pipe,  246. 
Boiler,  436- 

Bower- Barff  process,  251. 
Branches  for  fixtures,  20,  21. 
Branch  waste  pipes  for  fixtures,  sixes  of,  370. 
Brass  — 
ferrules,  360. 
pipe,  252,  332. 
pipe  plumbing,  454. 
pipe,  weight  of,  360. 
Brick,  401. 

Brick  house  drains,  179. 
Brighton  water-closet,  453. 
Broad  sewage  irrigation,  405. 
Brooks  boiler,  224,  226. 
Bronze  finish,  364. 
Building  sites,  drainage  of,  6. 
Bushing,  437- 
By-passes  in  plumbing,  39,  185,  437, 


C. 


Back-airing,  advocates  of,  185. 
Back-filling,  402. 
Back-venting  of  traps,  185,  205. 


Capacity  of  filters,  295. 
Carbonated  water,  285. 
Care  of  — 

faucets,  347- 

hydrants,  347. 
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Care  of  —  Continued. 

plumbing  fixtures,  341. 

plumbing  in  vacant  houses,  350. 

valves,  346. 
Cast-iron  soil  pipe,  446. 

soil  pipe  and  fittings,  weight  of,  359. 

water  pipe,   thickness  and  ^  tight,  414. 
Causes  of  — 

preventable  diseases,  195. 

valve  troubles,  346. 
Cellar  drainage,  5,  393. 

drainers,  24. 

drainers,  capacities  of,  94. 

drains,  18. 
Cellars.  4. 
Cement,  401. 

Cement-lined  wrought-iron  pipe,  250. 
Centrifugal  pumps,  2$, 
Cesspools.  5,  7,  404. 
Chain  and  plug  basin,  119. 
Chapin,  Dr.  C.  V.,  on  "Municipal  Sanitation 

in  the  United  States"  199. 
Check  valves,  265,  362,  433. 
Chemical  purification  of  sewage,  405. 
Choice  of  pumps,  333. 
Circulating  system  of  water  mains,  4x3. 
Circulation  of  hot  water,  aai. 
Cistern,  433,  437- 
Cleanouts,  361. 
Cleaning  of  — 

bath  tubs  and  lavatories,  344. 

brass  and  copper,  345. 

gas  pipes,  337. 

sewers,  335. 

traps,  34a. 

water  distribution  pipes,  338. 

water- dosets,    urinals  and    slop-hoppers, 

343- 

water-closet  compartments,  343. 

water  mains,  340. 
Clinical  slop-sink,  376. 
Closing  of  valves  and  hydrants,  356. 
Coated  lead  pipes,  344. 
Cocks,  353,  437. 

Combination  automatic  and  pull  tank,  366. 
Combined  system  of  sewerage,  395. 
Complication    of    modern    plumbing   illus- 

tnited,  182,  458. 
Compound  pumps,  321. 
Compression  bite,  255,  259. 
Concealed  overflows,  i3o. 
Concrete,  401. 
Conductor  pipe,  359. 
Conduits,  433. 

water  supply,  60. 
Connections  — 

between   kitchen  boiler  and  water  back, 
331,  336. 

for  plumbing  appliances,  170,  171,  173, 

173- 
Constant  system  of  supply,  311. 
Consumption  of  water,  48,  a8& 


Contact  filter  beds,  406. 
Conversion  diagrams,  473. 
Copper  — 

flashings,  361. 

pipe,  353. 
Corporation  stopcocks,64,  381,  393, 437, 441. 
Cost  of  heating  water  by  gas,  341. 
Couirfing,  437. 
Courts,  drainage  of,  18. 
Crane  Co/s  flush-valve  doset,  153. 
Creque  boiler,  333. 
Cultivation  sewage  tanks,  406. 

D. 

Dafly  consumption  of  water,  310,  387. 
Dangers  of  defective  plumbing,  195. 
Dececo  doset,  140. 
Dedmal  equivalents  of  fractions  of  an  inch, 

481. 
Defective  plumbing-,  dangers  of,  195. 
Defects  in  plumbing  regulations,  303. 
Definition  of  terms,  358,  437. 
Delivery  of  water  through  taps  and  services, 

295- 
Destruction  of  pipes  by  dectrolysis,  353. 
Diagram  — 
for  discharge  of  large  water  mains,  64,  65, 

416. 
for  sewer  calculations,  between  396  and 

397.  469- 

of  capadties  of  pressure  tanks,  between 

52-53,  54,  55- 

of  discharge  of  service  pipes,  71. 
Diagrams,  list  of,  xxxi. 
Direct  pumping  system,  311. 
Discharge  of  — 

house  drains,  13. 

fire  nozzles,  423. 

street  sprinklers  and  fountains,  303. 

water  from  orifices,  301. 
Disconnected  plumbing  system,  206. 
Disinfection  of  soil  pipes,  337. 

water  mains,  340. , 
Disinfecting  solution,  use  of,  for  plumbing, 

345- 
Disposal  of  — 

rain  water,  393. 

sewage,  404. 
Distilled  water,  285. 
Distribution  system,  413. 
Domestic  — 

sanitary  appliances,  79. 

water  supply,  209. 
Double-pipe  system,  455,  456,  45ft. 
Douche,  437. 
Drainage,  392,  428. 
Drainage  of  — 

building  sites,  6. 

cellars,  393. 

town  houses,  3. 

yards,  areas,  and  courts,  18,  393. 
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Drain  — 

outfall,  6. 

tUes,  6,  437' 

trap,  437- 
Drinking  water  — 

filters,  73. 

supply,  307. 
Drying  closet,  99. 
Duplex  pumps,  320. 


Earth  closets,  404. 
Earthenware,  437- 
Eclipse  gas  water  heater,  235,  236. 
Electric  pumping  machinery,  318. 
Electrolysis,  353. 
Elevated  tanks,  50,  412. 
Ellis  sewage  lift,  33. 
Engineering  specialists,  i. 
Emptying  of  water  pipes,  279. 
Enamel  paint  finish,  364. 
Enameled  iron  — 

bath  tubs,  no,  333,  448- 
lavatories,  135,  333- 
water-closets,  203. 
pipe,  -249. 
Escutcheons,  364. 

Essentials  of  a  house  drainage  system,  8. 
Essential  conditions  of  healthfulness,  4- 
Estimating   amount   of  water   required   in 

office  buildings,  292. 
Excavation,  402. 
Experiences  of  — 
an  expert,  188. 
Experiments  on  water-hammer,  276. 
Explanation  of   Gerhard's   sewer   diagram, 

469. 
Explosion  of  water  backs,  230. 


Falling  main,  218. 
Faucets,  67,  252,  363,  437- 

care  of,  347- 

delivering  capacities  of,  67. 

supplied  from  direct  or  street  pressure,  216. 
Feed-water  heaters,  329. 
Ferrules,  360,  438- 
Filters,  305,  433- 

mechanical  or  pressure,  339. 
Filtration,  69,  281. 

of  sewage,  406. 
Finish  of  faucets,  263. 
Fire- 
hose, 33i»  423- 

hydrants,  420. 

hydrants,  test  of,  348. 

hydrants,    use   of,    for   filling   spnnklmg 
carts,  348. 

nozzles,  331. 

nozzles,  discharge  of,  423- 

plug,  438. 


Fire  —  Continued. 

protection  apparatus,  75. 
protection,  water  supply  for,  331. 
pumps,  321. 
stand  pipes,  331,  422. 
streams,  303,  between  304-305- 
valves,  331,  423- 
Fixtures,  373. 

branches  for,  20,  21. 
trapping  of,  37,  181. 
Flashing,  361,  438. 
Float  valve,  253,  438. 
Floor  — 

and  ceiling  joints,  368. 
connection  for  water-closets,  i46» 
drains,  372,  394. 
flanges,  361. 

joints,  46,  367-  ,      , . 

plans   of    city  house  showing  plumbing 
between  168-169. 
Floors  of  — 
bath  rooms,  109. 
water-closet  compartments,  163. 
Flush  — 
hydrant,  61. 
pipes,  363. 

pot,  for  sinks,  90,  91,  95- 
tanks,  automatic,  203,  403. 
tanks,  for  sewers,  335. 
Flushing  — 
cisterns,  265. 
fresh-air  inlet,  17. 
of  sewers,  335,  400- 
of  sewers  from  fire  hydrants,  336. 
of  soil  and  waste  pipes,  337. 
of  water-closets,  44- 
Flushing-rim  slop-sink,  164. 
Flushometer  valves,  151,  i53»  '54,  266,  333- 
Footbath,  114,  438- 
Foundation  — 
drains,  6,  394- 
for  pumps,  323. 
Fountains,  438- 

discharge  of,  303. 
Freeman,  John  R.,  discharge  of  fire  streams. 

303,  between  304-305. 
Fresh-air  inlet,  arrangement  of,  13,  202.  369. 
Freezing  of  water  fittings,  349- 
Fuller  bibs,  256,  260. 


Galvanized  wrought-iron  pipe,  248. 
Gasket,  438. 
Gas  pipes  — 

cleaning  of,  337. 

test  of,  338. 
Gas  — 

piping  work,  76. 

water  heaters,  233. 
Gate  valves,  263,  362,  438. 
Gegenstrom  apparatus,  424* 
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Gerhard  — 

service  pipe  diagram,  between  296-297. 

sewer  diagram,  between  396-397. 
Germ-proof  filters,  281,  307. 
Glass,  hammered,  for  partitions,  387. 
Glass-lined  wrought-iron  pipe,  250. 
Globe  valves,  263,  362,  438. 
Glossary  of  plumbing  terms,  434. 
Grade  of  — 

house  drains,  205. 

sewers,  397. 
Gravity  supply  system,  47,  413. 
Grease  traps,  46,  88,  381,  438. 
Ground  key  bibs,  253,  257. 

H. 

Hanger,  438. 

Healthfukiess,  essential  conditions  of,  4. 

Heating  water  by  gas,  cost  of,  241. 

Hellyer  closet,  449. 

High-pressure  water  service,  308. 

Hill,   John   W.,   discharge  of  fire  streams, 

305- 
Historical  sketch  of  development  of  drainage 

and  plumbing,  444. 
Holly  system  of  water  supply,  215. 
Hopper  closets,  137. 
Horse  power  required  for  pumping  water, 

between  306-307. 
Hose  reels,  423,  438. 
Hot- water  — 

boiler,  221. 

circulation,  ^^30. 

from  kitchen  boiler,  221. 

heaters,  232,  325. 

supply  for  laige  buildings,  324. 

supply  for  two  boilers,  231. 

supply  in  hospitals,  424. 

tanks,  232,  325,  327. 
House  drains,  9. 

grade  of,  205. 

of  square  brick  channels,  179. 
House  drainage,  4,  8. 

arrangement  of  system  of,  9,  455. 

essentials  of,  8. 
House  sewers,  9,  358,  368. 
House  sewer,  size  of,  11. 
Household  filtration,  281. 
House  tanks,  64,  215,  412,  421. 
House  trap,  369. 
Housemaid's  sink,  106. 
Hubbard,    W.    B.,    service   pipe  diagram, 

between  294-295. 
Hydrants,  61,  62,  432,  438. 

care  of,  347- 
Hydraulic  — 

engineering,  430. 

Specialties  Co.'s  "Pluvic  doset,"  146, 148, 
149. 

Specialties  Co.'s  "  Sanic  closet,"  148,  151. 

Specialties  Co.'s  "Hydric  closet,"  152. 


Hydraulics,  430. 
Hydrodynamics,  431. 
Hydrostatics,  431. 

I. 

Improved  — 

form  of  urinal,  167. 

hopper  closets,  137. 
Improvements  in  — 

house  drainage  system,  448. 

plumbing  fixtures,  451. 
Impure  water  the  cause  of  disease,  209. 
Instantaneous  gas  water  heater,  233. 
Insulated  — 

joints,  355- 

pipe  hangers,  355. 
Intermediate  tanks,  309. 
Intermittent  — 

downward  filtration,  406. 

system  of  supply,  211. 
Introduction  of  public  water  works,  444. 
Iron  bath  tubs,  447. 

J- 
Jacobi,  Prof.  A.,  on  "  Production  of  t 

by  sewer  air,"  197. 
Jennings  water-closet,  449. 
Joints,  366,  438. 
Joints,  pipe,  269. 
Junction  of  sewers,  397. 
Junker's  instantaneous  gas  water  heater,  234. 
Joukowsky,  experiments  on  water  hammer, 
276. 

K. 
Kalameined  pipe,  251. 
Kitchen,  86. 
Kitchen  boiler,  93,  221. 
material  of,  231. 
size  of,  231. 
Kitchen  range,  93. 

sink,  87. 
Koch,  Prof.,  researches  of,  196. 
Knudson,  A.  A.,  on  destruction  of  pipes  by 
electrolysis,  354. 

L. 
Labeling  of  stopcocks  and  pipes,  273. 
Laboratory  sinks,  385. 
Lakes,  409. 
Lamp  holes,  403. 
Latrine,  438. 
Laundry,  98. 

sink,  98,  102. 

tubs  for  hospitals,  381,  386. 
Lavatories  — 

cleaning  of,  344. 

for  hospitals  and  institutions,  379. 

of  enameled  iron,  135. 

types  of,  1 16-135. 

views  of  modem,  132-134. 
Lavatory,  116,  439. 
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Laying  water  mains,  420. 
Leaching  cesspools,  404. 
Lead  for  calking,  365. 
Lead-lined  wro*  Jit-iron  pipes,  252. 
Lead  — 
pipe,  243. 

coated,  244. 

weight  of,  361. 

work,  445- 
Leader  pipes.  18,  359,  37a,  439. 

material  of,  392. 

sizes  of,  18,  39a. 
Lift-up  plug  basin,  126. 
Local  vents  for  water-closet  bowls  wrongly 

connected,  179. 
Low-down  tank  dosets,  151,  152,  334. 
tanks,  268. 


M. 

Machine  for  smoke  test,  22,  23. 
Main  house  — 

sewer,  location  of,  19. 

or  running  trap,  13,  202. 
Maintenance  of  — 

fittings,  341. 

pipe  systems,  335. 
Manhole  covers,  401. 
Manholes,  403. 

Manner  of  running  pipes,  367. 
Marble,  365. 

thickness  of,  365. 
Material  — 

for  faucets,  263. 

for  service  and  supply  pipes,  243. 

for  sewers,  400. 

of  bath  tubs,  no. 

of  kitchen  boilers,  231. 
Maximum  daily  amount  of  water,  387. 
Measures  to  guard  against  water  hammer  in 

pipes,  355- 
Mechanical  cleaning  of  sewers,  336. 
Mechanical  filters,  73,  281,  305,  339. 
Metered  water  system,  211,  439. 
Metric  conversion  diagram,  473. 
Meyer-SnifFen  Company's  — 

Vortex  closet,  146,  147. 

Surety  closet,  148,  150. 
Modern  bath  rooms,  171,  174-177. 

views  of,  107,  108. 
Modem  — 

baths  and  bath  houses,  1 78. 

dty  buildings,  sanitation  of,  4. 

conveniences,  78. 

plumbing  system,  description  of,  180. 
Mortar,  401. 

Mott's  "Primo"  siphon-jet  closet,  143-M5- 
Multi-stage  turbine  pumps,  318. 
Munidpal  — 

inspection  of  plumbing,  198. 

plumbing  regulations,  449- 


N. 

"Naturo"  closet,  161,  162. 

Nickd  plated  fittings,  deaning  of,  345. 

plating,  2^3. 
Nipples,  361,  439. 
Noise  in  — 

waste  pipes,  275. 

kitchen  boiler,  274. 
Noify  faucets,  275,  347. 

flush,  274. 
Non-siphoning  traps,  39,  187,  334,  455. 
Nozzle,  439. 

Number  of  fixtures  to  be  provided  in  hos- 
pitals, etc.,  386. 

O. 
Oakum,  439. 
Objections  to  — 

lead  supply  pipes,  243. 

trap  venting,  185. 
Obstructions  of  service  pipes,  339. 
One-pipe  system,  187,  455,  457,  458. 
Open  plumbing  work,  46,  206,  449,  452. 
Operating  rooms,  382,  383,  384. 

theatre,  388,  389. 
Opinions  of  German  sanitarians  on  sewer 

air,  196. 
Orifices,  discharge  of  water  from,  301. 
Over  flow  — 

pipes,  46. 

from  cisterns  and  house  tanks,  394. 

pipes  wrongly  connected,  180. 


Pan  doset,  136,  179,  447. 
Pantry  — 

refrigerator,  94. 

sink,  94,  96. 

with  flush  pot,  95. 
with  standpipe  overflow,  95. 
Pasteur,  researches  of,  196. 
Pedestal  — 

hopper  dosets,  137. 

urinal,  167,  J 68. 
Peppermint  test,  207. 
Pettenkofer,  v.,  on  sewer  gas  theory,  196. 
Pipe  — 

coating  against  electrolysis,  353. 

connections  for  tank,  217. 

covering,  364. 

joints,  74.  269,  366,  403,  421. 

laying,  402. 

materials,  332. 

and  pipe  joints,  73,  439- 

supports,  364,  366. 

systems,  maintenance  of,  335. 
Piston  pumps,  25. 
Pittsburgh  gas  water  heater,  236. 
Plan  of  — 

plumbing  work,  358,  391. 

sewage  disposal,  407. 
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Plan  of  —  Continued. 

sewerage  system,  396. 

water  supply,  424. 
Plated  fini^,  364- 
Plumbers'  — 

tools,  434. 

woodwork,  364. 

work,  73. 
Plumbing  — 

advanced  and  simplified,  179. 

appliances,  4. 

bye-passes,  39. 

connections,  170,  171,  172,  173. 

contracts  to  be  kept  separate  from  build- 
ing contract,  80. 

definition  of,  434. 

fittings,  care  of,  341. 

fixtures  for  large  buildings,  333. 

fixtures,  43-8a.  445- 

fixtures,  to  be  concentrated,  83. 

fixtures  to  be  arranged  in  open  manner, 

83. 
fixtures  not  to  be  placed  in  bedrooms,  8x. 
inspection,  198. 

inspection,  benefits  resulting  from,  ao8. 
inspection,  bureaus  of,  200. 
inspectors,  200. 
location  of,  43. 
plans,  between  168-169. 
rules  and  regulations,  ai,  198,  aox. 
section,  169. 

S3rstem,  modem,  described,  180. 
terms,  434- 

test  of,  32. 

under  jurisdiction  of  health  department 

199- 
Plunger  closet,  136,  449. 
"Pluvic"  closet,  146,  148,  149. 
Porcela  cleaning  powder,  343. 
Porcelain-lined  iron  bath  tubs,  448. 
Porcelain  ware,  439. 
Portable  bath  tubs,  378. 
Post  hydrants,  61. 

Power  motors  for  pumping  water,  aS$. 
Pressure  — 

filters,  281,  339. 

of  water,  a  10,  41  z. 

regulating  valves,  311. 

regulators,  69,  433. 

tank  system,  52'. 
Pressure  tanks,  5  a,  311,  41a,  433, 

capacities  of,  53. 

dimensions  of,  56. 

in  combination  with  air  tanks,  314. 

requirements  of,  53. 
Prevention  of  — 

contamination  of  source  of  supply,  410. 

freezing  of  pipes,  277. 

noise  and  water  hammer,  274. 
Principles  of  house  drainage,  181. 
Privy  vaults,  5,  404- 
Progress  in  sanitation,  195. 


Protecting   water    fittings  against  freezing 

349- 
Protection   of    pipes  against  corrosion   by 

dectoljrtic  action,  353. 
Pump  — 

foundations,  323. 

riser,  how  made  noiseless,  375. 

room,  333. 
Pumping  — 

apparatus,  308. 

sewage,  34. 

machinery,  414. 

station,  431. 

system,  47. 

system  of  supply,  413. 

water,  60. 
Pumps,  283,  3a3,  43  a,  439. 
Purification  of  drinking  water,  410. 


Quality  of  water,  ao9,  305,  410. 

Quantity  of  water  required,  48,  2x0,  a87, 411. 

Quimby  — 

electric  screw  house  pump,  318. 

sump  pump,  a6. 


Rain  — 

baths,  45»  378»  439- 

water,  409. 
water  dstem,  434. 
water  conductor  pipes,  18. 
water,  disposal  of,  393. 
water  drains,  39  a. 
Ramifying  system  of  water  mains,  4x3. 
Refrigerator,  96. 

wastes,  ^46,  37a. 
Removal  of  storm  water,  5,  7. 
'  Repairs  and  alterations  in  plumbing,  358. 
Requirements  of  — 

sanitary  water-closets,  135. 

sewer  system,  396. 

water  supply  for  large  buildings,  385. 
Reservoirs,  4x2,  431. 
Resin,  440. 

Return  circulation,  a  39. 
Riker  basin,  129. 
Riser  or  rising  main,  218,  440. 
Rivers  and  streams,  409. 
Road  drainage,  7. 
Rock  excavation,  402. 
Roof  — 

extension  pipes,  20. 

joints,  367. 

pipe  extensions,  205. 

tanks,  50,  308. 

water,  39a. 
Rotch,  William,  discharge  of  service  pipes, 

398. 
Round-way  stopcock,  254. 
Rubber-coated  wrought-iron  pipe,  250. 
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Rules  — 

for  dosing  of  valves  and  hydrants,  356. 

on  plumbing,  water  supply  and  sewerage, 
358. 
Rustless  wrought-iron  pipe,  251. 
Ruud  — 

duplex  system,  34a. 

gas  water  heater,  236,  939. 


S. 

Safe- 
waste  pipes  wrongly  connected/ 179. 

wastes,  46.  371- 
Salt-water  supply,  385. 
Sand,  401. 

"Sanic"  closet,  148,  151. 
Sanitarian,  437. 
Sanitary  — 

engineer,  428. 

engineering,  427. 

science,  437. 

seats,  158,  159. 
Sanitas  water-closet,  142. 
Sanitation,  427. 
Sanitation  of  — 

modem  dty  buQdings,  4. 

public  buildings,  178. 

progress  in  general,  195. 
Screw-jointed  wrought-iron  pipe,  451. 
Seats  for  water-dosets,  157. 
Secret  waste  valves  for  basins,  i3i. 
Sediment  cock,  223. 
Self-dosing  bibs,  256,  261. 
Separate  system  of  sewerage,  7,  395. 
Septic  tanks,  406. 
Servants*  — 

bath,  104. 

quarters,  85. 

water-doset,  102. 
Service  — 

pipe  diagram,  between  994,  and  395. 

pipes,  64,  69,  380,  440. 
Services  obstructed  by  fish,  339. 
Sewage,  429. 

disposal  of,  8,  404. 

filter  tanks,  406. 

filtration  of,  406. 

irrigation,  405. 

lifts,  27,  28. 

pumps,  24, 

tanks,  37. 
Sewerage,  395,  430. 

combined  system  of,  7. 

separate  system  of,  7. 

system,  requirements  of,  396. 
Sewer  — 

air,  430- 

deaning  machine,  336. 

connection,  9,  180,  304. 

construction,  400,  403. 


Sewer  —  Continued, 

flush  tanks,  335. 

gas  theory,  196. 

pipes,  thickness  of,  400. 
Sewers,  439. 

size  of,  397. 
Shedd,  J.  Herbert,  service  pipes,  296. 
Sheet  lead,  363. 
Shone  ejector,  37,  39,  30,  31. 
Shower  and  needle  bath,  1x4,  115. 

bath,  113,  440. 
Shutoffs,  353. 
Shutoff  valves,  333. 

Siamese  fire  department  connections,  333. 
Sill  cocks,  363. 

Silverplated  work,  deaning  of,  345. 
Silverplating,  363. 
Simin,  Nicholas  P.,  on  water  hammer  in 

pipes,  276. 
SimpUdty  — 

in  plumbing,  458. 

of  advanced  plumbing  system  illustrated, 
183. 
Sinks,  45.  440. 

for  hospitals,  381. 
Siphon  — 

basin,  133. 
'doset,  140,455- 

jet  dosets,  139,  140,  455. 
Sitz  bath,  114,  440. 
Sizes  of  — 

house  sewers,  11,  180,  36& 

kitchen  boilers,  331. 

leaders,  x8. 

service  and  tap,  369. 

services,  416. 

sewers,  397. 

supply  pipes,  368. 

tap,  293. 

water  mains,  415. 
Slate,  365. 

thickness  of,  365. 
Slop  hopper,  163. 
Slopsinks,  45,  163,  376,  440. 

clinical,  376. 
Slow-dosing  faucets,  356. 
Smoke  test,  22,  33,  307. 
Soil  pipes,  19,  359,  440. 

flushing  and  disinfection  of,  337. 

sizes  of,  19,  30,  369. 
Solder,  440. 
Soldering  nipples,  361. 
Solid  porcelain  — 

bath  tubs,  454. 

lavatories,  133. 
Sources  of  water  supply,  408. 
Spedfication  — 

for  plumbing,  358. 

reminder,  460. 
Spray  or  rain  baths,  45,  378. 
Springs.  409.  433. 
Sprinklers,  discharge  of,  303. 
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Stand  pipe  — > 

basin,  194. 

kitchen  sink,  91,  93. 

overflow,  112. 
Standpipes,  49,  41a,  431,  440. 

pipes,  fire,  422. 
Stationary  wash  tubs,  zoo. 
Steam  and  exhaust  drip  pipes,  37a. 
Steam-pumping  machinery,  3x8. 
Steam-relief  or  expansion  pipes,  227. 
Steel- 
finish,  364. 

pipes,  246. 
Sterilized  water,  285. 
Stopcocks,  253,  363. 
Storage  of  water,  2x5,  4x2. 
Storm  water,  removal  of,  5,  7. 
Strainers,  368. 

Street-pressure  system  of  supply,  2x2. 
Street  washer,  441. 
Submerged  centrifugal  pumps,  26. 
Subsoil  — 

drains,  394. 
trapping  of,  6. 
Sub-surface  sewage  irrigation,  406. 
Suction  tanks,  295. 
Sump  tanks,  26. 
Supply  pipes,  66,  363. 
arrangement  of,  67. 
freezing  of,  67. 
sizes  of,  66. 
Supply  systems,  21  x,  413. 

street  and  tank  pressure,  63. 
Surface  water,  409. 
Surge  tanks,  295. 


Table  — 

giving  discharge  of  faucets,  68. 

of  area  of  lots  drained  by  different  sizes  of 
house  sewers,  11. 

of  capacities  of  cellar  drainers,  24. 

of  discharge  of  service  pipes,  70. 

of  discharge  of  vitrified  and  iron  house 
drains,  12. 

of  size  of  soil  and  waste  pipes,  20. 

of  sizes  of  supply  pipes,  66. 
Tables,  list  of,  xxiz. 
Tank  — 

emptying  pipe,  220. 

overflow,  219,  422. 

pipe  connections,  217. 

pressure  systems,  212. 

supports,  4,  22. 

valves,  2x8. 
Tanks  — 

care  of,  280. 

elevated  water,  50. 

house,  215,  216. 

intermediate,  309. 

with  steam  coils,  324. 


Tap,  441. 
Tapping  — 

machine,  281. 

water  main,  441. 
Taps    and     services,     delivery    of     water 

through,  295. 
Temperature  — 

controllers,  326. 

conversion  diagrams,  473. 

of  hot  water,  331. 
Test  of  — 

fire  hydrants,  348. 

gas  pipes,  338. 
Testing  of  water  mains,  421. 
Tests  of  plumbing,  22,  206,  390.  452. 
Thermostats,  326. 
Tight  cesspools,  404. 
Tilo  cleaning  powder,  343. 
Tin-lined  — 

lead  pipe,  245.  ' 

wrought-iron  pipe,  249. 
Tip-up  basin,  121. 
Tobr!y  automatic  heater,  326,  424. 
Toilet-room  for  servants,  103. 
Toilet-rooms,  arrangement  of,  334. 
Tools  — 

general,  441. 

plumbers,  434. 

machinists,  441. 
Trap,— 

for  main  house  sewer,  X3. 

ventilation,  X85. 

venting,  objections  to,  185. 
Traps,  38,  362,  371,  44a,  448. 

back  venting  of,  38. 

cleaning  of,  342. 

how  to  set,  367. 

non-siphoning,  39,  X87,  334,  455- 

sizes  of,  37X. 
Trapping  of  — 

lateral  sewers,  400. 

the  fixtun^,  37,  181,  203. 
Trenches,  width  and  depth  of,  402. 
Trickling  sewage  filters,  406. 
Triple-expansion  pumping  engine^,  322. 
Tubbs,  J.  Nelson,  discharge  of  sprinklen» 

303. 
T3rpes  of  — 

bath  tubs,  xxo-ii6. 
faucets,  257-261. 
kitchen  sinks,  87-92. 
lavatories,  1x6-135. 
valves,  263. 
water-closets,  X36-157. 
water-closets  approved,  20a. 


U. 

Underdrainage  of  site,  4. 
Underwriter  pattern  fire  pump,  321. 
"Unique"  water-closet,  154-156. 
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Universal  pipe,  41  S» 

Urinals,  45»  165,  168,  333,  442. 

types  suitable  for  hospitals,  374. 
Urinette,  44a. 
Uses  of  water,  209,  284. 

V. 

Vacuum  and  safety  valves,  227. 
Valve  — 

boxes,  420. 

closets,  179,  136,  449- 

troubles,  346. 
Valves,  60,  263,  362-416,  43a-443. 

care  of,  346. 
Vent  pipes,  359.  442' 

sizes  of,  370. 
Ventilation,  $. 

of  ^wers,  400. 

of  soil  pipes,  447- 
Views  of  modem  — 

lavatories,  132-134. 

bathroonas,  171,  174-177. 
Vitrified  pipe  drains,  447- 

W. 
Walls  of  — 

bath  rooms,  109. 

water-closets  compartments,  163. 
Waring*5  closet,  140. 
Wash-basins,  44,  333i  436- 
Wash-down  closets,  139. 
Washer,  442. 
Washing  operations,  98. 
Washout  closets,  138,  453- 
Wash  tubs,  45.  98,  443- 
Waste  — 

arrangements  of  bath  tubs,  in. 

of  water,  289. 

pipe  for  refrigerator,  97. 

pipes,  19,  359.  442- 

pipes,  sizes  of,  19,  20. 
Water  backs,  221. 

explosion  of,  230. 
Water-closet  — 

compartments,  163. 

floor  connection,  146. 

floor  joints,  367. 

for  servants,  102. 

requirements  of  a  sanitary,  135. 

seats,  157. 
Water-closets,  43.  i35»  333.  343- 

cleaning  of,  343- 

flushing  of,  44« 

for  hospitals  and  institutions,  373. 

with  local  vent,  157. 


Water  — 

consumption,  48. 

filtration,  305. 

for  fire-extinguishing  purposes,  a88. 

hummer  in  pipes,  275,  355. 

mains,  64,  414- 

mains,  cleaning  of,  340. 

mains,  disinfection  of,  340. 

mains,  sizes  of,  415- 

meters,  6q,  211,  433- 

pipes,  arrangement,  of,  270. 

pipes  to  be  graded,  272. 

pipes  to  be  accessible,  273. 

pressure,  210,  308. 

pressure  required  for  fire  prolectioD,  an. 

pressure  test,  207. 

quality  of,  209. 

quantity  of,  required,  a  10. 

service,  5. 

storage  of,  412. 
Water  distribution  — 

pipes,  cleaning  of,  338. 

systeq^,  332. 

taps,  292. 

uses  of,  209. 

waste,  289. 
Water  supply  — 

domestic,  209. 

equipment,  286. 

for  fire  protection,  331. 

for  hospitals  and  institutions,  408. 

of  buildings,  63. 

of  fixtures,  389. 

of  large  buildings,  284. 

pipes,  332. 

I^ant,  284. 

system,  46,  431. 

system,  planning  of,  408. 
Wells,  409.  433- 
White  metal,  263. 

Winslow,  C.-E.  A.,  on  sewer  air,  197. 
Woodwork  in  plumbing,  364. 
Workmanship,  365. 
Wrought-iron  — 

pipe,  246,  448. 

pipe,  weight  of,  360. 

soil  pipe,  204. 


Yards,  drainage  of,  18. 


Zinc-coated  pipe,  248. 
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Crehore  and  Squier's  Polarizing  Photo-chionograph 8vo,  3  50 

*  Davis's  Elements  of  Law 8vo,  2  50 

*  Treatise  on  the  Military  Law  of  United  States 8vo,  7  00 

DeBrack's  Cavalry  Outpost  Duties.     (Carr.) 24mo,  mor.  2  00 

*  Dudley's  Military  Law  and  the  Procedure  of  Courts-martial . .  .L^rge  12mo,  2  50 
Durand's  Resistance  and  Propulsion  of  Ships 8vo,  5  00 

*  Dyer's  Handbook  of  Light  Artillery 12mo,  3  00 

Kissler's  Modem  High  Explosives 8vo,  4  00 

*  Fiebeger's  Text- book  on  Field  Fortification Large  12mo,  2  00 

Hamilton  and  Bond's  The  Gunner's  Catechism 18mo,  1  00 

*Hofif's  Elementary  Naval  Tactics 8vo,  1  50 
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Ingalls's  Handbook  of  Problems  in  Direct  Fire 8vo.  $4  00 

*  Lissak's  Ordnance  and  Gunnery 8vo.  6  00 

*  Ludlow's  Logarithmic  and  Trigonometric  Tables 8vo,  1  00 

*  Lyons's  Treatise  on  Electromagnetic  Phenomena.  Vols.  1.  and  IL.Svo.each,    6  00 

*  Mahan's  Permanent  Fortifications.     (Mercur.) 8vo,  half  mor.  7  50 

Manual  for  Courts-martial lOmo.mor.  1  50 

*  Mercxir's  Attack  of  Fortified  Places 12mo,  2  00 

•  Elements  of  the  Art  of  War 8vo,  4  00 

Nixon's  Adjutants'  Manual 24mo,  1  00 

Peabody's  Naval  Architecture 8vo,  7  50 

*  Phelps's  Practical  Marine  Surveying 8vo,  2  50 

Putnam's  Nautical  Charts 8vo,  2  00 

Rust's  Ex-meridian  Altitude,  Azimuth  and  Star- Finding  Tables 8vo  6  00 

Sharpe's  Art  of  Subsisting  Armies  in  War 18mo.  mor  1  50 

*  Tupes  and  Poole's  Manual  of  Bayonet  Exercises  and  Musketry  Fencing. 

24mo.  leather.  50 

*  Weaver's  Military  Explosives 8vo,  3  00 

*  WoodhuU's  Military  Hygiene  for  Officers  of  the  Line Large  12mo.  1  50 


ASSAYING. 

Betts's  Lead  Refining  by  Electrolysis 8vo,  4  00 

Fletcher's  Practical  Instructions  in  Quantitative  Assaying  with  the  Blowpipe. 

16mo,  mor.  1  50 
Furman  and  Pardoe's  Manual  of  Practical  Assaying.     (Sixth   Edition,    Re- 
vised and  Enlarged.) 8vo.  3  00 

Lodge's  Notes  on  Assaying  and  Metallurgical  Laboratory  Experiments.. 8vo.  3  00 

Low's  Technical  Methods  of  Ore  Analysis 8vo,  3  00 

Miller's  Cyanide  Process 12mo.  1  00 

Manual  of  Assaying 12mo,  1  00 

Minet's  Production  of  Aluminum  and  its  Industrial  Use.     ( Waldo. )...12mo,  2  60 

O'DriscoU's  Notes  on  the  Treatment  of  Gold  Ores 8vo,  2  00 

Ricketts  and  Miller's  Notes  on  Assaying 8vo,  3  00 

Robine  and  Lenglen's  Cyanide  Indtistry.     (Le  Clerc.) 8vo.  4  00 

Seamon's  Manual  for  Assayers  and  Chemists.     (In  Press.) 

Ulke's  Modem  Electrolytic  Copper  Refining 8vo,  3  00 

Wilson's  Chlorination  Process 12mo,  1  50 

Cyanide  Processes 12mo,  1  50 


ASTRONOMY. 

Comstock's  Field  Astronomy  for  Engineers 8vo,  2  50 

Craig's  Azimuth 4to,  3  50 

Crandall's  Text-book  on  Geodesy  and  Least  Squares 8vo,  3  00 

DooUttle's  Treatise  on  Practical  Astronomy 8vo,  4  00 

Hayford's  Text-book  of  Geodetic  Astronomy , .  .8vo,  3  00 

Hosmer's  Azimuth 16mo,  mor.  1  00 

Merriman's  Elements  of  Precise  Surveying  and  Geodesy. „ .  .8vo,  2  50 

*  Michie  and  Harlow's  Practical  Astronomy 8vo.  3  00 

Rust's  Ex-meridian  Altitude,  Azimuth  and  Star- Finding  Tables 8vo,  6  00 

*  White's  Elements  of  Theoretical  and  Descriptive  Astronomy 12mo,  2  00 


CHEMISTRY. 

*  Abderhalden's  Physiological  Chemistry  in  Thirty  Lectures.     (Hall  and 

Def ren.) 8vo,  6  00 

*  Abegg's  Theory  of  Electrolytic  Dissociation,     (von  Ende.) 12mo,  1  26 

Alexeyeff's  General  Principles  of  Organic  Syntheses.     (Matthews.) 8vo,  3  00 

Allen's  Tables  for  Iron  Analysis 8vo,  3  00 

Armsby's  Principles  of  Animal  Nutrition 8vo,  4  00 

Arnold's  Compendium  of  Chemistry.     (Mandel.) Large  12mo.  3  60 
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Association  of  State  and  National  Pood  and  Dairy  Departments.  Hartford 

Meeting,  1906 8vo.  S3  00 

Jamestown  Meeting,  1907 8vo.  3  00 

Austen's  Notes  for  Chemical  Students 12mo,  1  60 

Baskerville's  Chemical  Elements.     (In  Preparation.) 

Bemadou's  Smokeless  Powder. — Nitro-cellulose,  and  Theory  of  the  Cellulose 

Molecule 12mo,  2  50 

*  Blitz's  Introduction  to  Inorganic  Chemistry.  (Hall  and  Phelan.).  .  .  12mo.  1  25 

Laboratory  Methods  of  Inorganic  Chemistry.     (Hall  and  Blanchard.) 

8vo,  3  00 

*  Blanchard's  Synthetic  Inorganic  Chemistry 12mo,  1  00 

*  Browning's  Introduction  to  the  Rarer  Elements 8vo,  1  50 

*  Claassen's  Beet-sugar  Manufacture.     (Hall  and  Rolfe.) 8vo,  3  00 

Classen's  Quantitative  Chemical  Analysis  by  Electxolysis.     (Boltwood.).8vo.  3  00 

Cohn's  Indicators  and  Test-papers 12mo.  2  00 

Tests  and  Reagents 8vo.  3  00 

*  Danneel's  Electrochemistry.     (Merriam.) 12mo,  1  25 

Dannerth's  Methods  of  Textile  Chemistry 12mo.  2  00 

Duhem's  Thermodynamics  and  Chemistry.     (Burgess.) 8vo.  4  00 

Effront's  Ensymes  and  their  Applications.     (Prescott.) 8vo.  3  00 

Eissler's  Modem  High  Explosives 8vo,  4  00 

Erdmann's  Introduction  to  Chemical  Preparations.     (Dunlap.) 12mo,  1  25 

*  Fischer's  Physiology  of  Alimentation Large  12mo.  2  00 

Fletcher's  Practical  Instructions  in  Quantitative  Assaying  with  the  Blowpipe. 

12mo.  mor.  1  50 

Fowler's  Sewage  Works  Analyses 12mo.  2  00 

Presenius's  Manual  of  Qualitative  Chemical  Analysis.     (Wells.) 8vo,  5  00 

Manual  of  Qualitative  Chemical  Analysis.  Part  I.  Descriptive.  (Wells.)8vo,  3  00 

Quantitative  Chemical  Analysis.     (Cohn.)     2  vols 8vc,  12  50 

When  Sold  Separately.  Vol.  I.  86.     Vol.  II.  88. 

Fuertes's  Water  and  Public  Health 12mo.  1  50 

Furman  and   Pardoe's   Manual  of   Practical  Assaying.      (Sixth   Edition. 

Revised  and  Enlarged.) 8vo.  3  00 

*  Getmen's  Exercises  in  Physicsi  Chemistry 12mo,  2  00 

Gill's  Gas  and  Fuel  Analysis  for  Engineers 12mo.  1  25 

*  Gooch  and  Browning's  Outlines  of  Qualitative  Chemical  Analysis. 

Large  12mo.  1  25 

Gxotenfelt's  Principles  of  Modem  Dairy  Practice.     (Woll.) 12mo.  2  00 

Groth's  Introduction  to  Chemical  Crystallography  (Marshall) 12mo.  1  25 

Hammarsten's  Text-book  of  Physiological  Chemistry.     (Mandel.) 8vo.  4  00 

Hanausek's  Microscopy  of  Technical  Products.     (Win ton.) 8vo.  5  00 

*  Hasldns  and  Macleod's  Organic  Chemistry 12mo.  2  00 

Hering's  Ready  Reference  Tables  (Conversion  Factors) lOmo,  mor.  2  50 

*Herrick's  Denatured  or  Industrial  Alcohol 8vo.  4  00 

Hinds's  Inorganic  Chemistry 8vo,  3  00 

*  Laboratory  Manual  for  Students 12mo,  1  00 

*  HoUeman's   Laboratory   Manual   of   Organic   Chemistry   for   Beginners. 

(Walker.) 12mo.  1  00 

Text-book  of  Inorganic  Chemistry.     (Cooper.) 8vo,  2  50 

Text-book  of  Organic  Chemistry.     (Walker  and  Mott.) 8vo.  2  50 

*  HoUey's  Lead  and  Zinc  Pigmente Large  12mo.  3  00 

HoUey  and  Ladd's  Analysis  of  Mixed  Paints,  Color  Pigments,  and  Varnishes. 

Large  12mo,  2  50 

Hopkins's  Oil-chemists'  Handbook 8vo,  3  00 

Jackson's  Directions  for  Laboratory  Work  in  Physiological  Chemistry.  .8vo.  1  25 
Johnson's  Rapid  Methods  for  the  Chemical  Analysis  of  Special  Steels,  Steel- 

maldng  Alloys  and  Graphite Large  12mo,  3  00 

Landauer's  Spectrum  Analysis.     (Tingle.) 8vo,  3  00 

*  Langworthy  and  Austen's  Occurrence  of  Aluminum  in  Vegetable  Prod- 

ucts. Animal  Producta.  and  Natural  Waters 8vo.  2  00 

Lassar-Cohn's  Application  of  Some  General  Reactions  to  Investigations  in 

Organic  Chemistry.     (Tingle.) 12mo.  1  00 

Leach's  Inspection  and  Analysis  of  Food  with  Special  Reference  to  State 

Coattol 8vo,  7  50 

Ldb's  Electrochemistry  of  Organic  O>mpounds.     (Lorenz.) 8to.  3  00 

Lodge's  Notes  on  Assaying  and  Metallxirgical  Laboratory  Experiments..8vo,  3  00 

Low's  Technical  Method  of  Ore  Analysis 8vo,  3  00 
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Lowe's  Paint  for  Steel  Structures 12mo, 

Ltmge's  Techno-chemical  Analysis.     (Cohn.) 12mo, 

*  McKay  and  Larsen's  Principles  and  Practice  of  Butter- making 8vo, 

Maire's  Modem  Pigments  and  their  Vehicles 12mo, 

Mandel's  Handbook  for  Bio-chemical  Laboratory 12mo, 

*  Martin's  Laboratory  Guide  to  Qualitative  Analysis  with  the  Blowpipe 

12mo, 

Mason's  Examination  of  Water.     (Chemical  and  Bacteriological.) 12mo. 

Water-supply.     (Considered  Principally  from  a  Sanitary  Standpoint.) 

8vo, 

*  Mathewson's  First  Principles  of  Chemical  Theory 8vo, 

Matthews's  Laboratory  Manual  of  Dyeing  and  Textile  Chemistry 8vo, 

Textile  Fibres.     2d  Edition.  Rewritten 8vo. 

*  Meyer's    Determination   of    Radicles   in   Carbon   Compounds.     (Tingle.) 

Third  Edition 12mo, 

Miller's  Cyanide  Process 12mo, 

Manual  of  Assaying 12mo, 

Minet's  Production  of  Aluminum  and  its  Industrial  Use.     ( Waldo. )...12mo, 

*  Mittelstaedt's  Technical  Calculations  for  Sugar  Works.  (Bourbakis.)   12mo, 

Mixter's  Elementary  Text-book  of  Chemistry 12mo, 

Morgan's  Elements  of  Physical  Chemistry 12mo, 

Outline  of  the  Theory  of  Solutions  and  its  Results 12mo, 

*  Physical  Chemistry  for  Electrical  Engineers 12mo, 

Morse's  Calculations  used  in  Cane-sugar  Factories 16mo,  mor. 

*  Muir's  History  of  Chemical  Theories  and  Laws 8vo, 

MuUiken's  General  Method  for  the  Identification  of  Pure  Organic  Con* pounds. 

Vol.  I.     Compounds  of  Carbon  with  Hydrogen  and  Oxygen.  Large  8vo, 
Vol.  II.     Nitrogenous  Compounds.     (In  Preparation.) 

Vol.  III.     The  Commercial  Dyestuffs Large  8vo, 

O'DriscoU's  Notes  on  the  Treatment  of  Gold  Ores 8vo, 

Ostwald's  Conversations  on  Chemistry.     Part  One.     (Ramsey.) 12mo, 

Part  Two.     (Tumbull.) 12mo. 

Owen  and  Standagc's  Dyeing  and  Cleaning  of  Textile  Fabrics 12mo, 

*  Palmer's  Practical  Test  Book  of  Chemistry 12mo, 

*  Pauli's  Physical  Chemistry  in  the  Service  of  Medicine.     (Fischer.) . .  12mo, 
Penfield's  Tables  of  Minerals,  Including  the  Use  of  Minerals  and  Statistics 

of  Domestic  Production 8vo, 

Pictet's  Alkaloids  and  their  Chemical  Constitution.     (Biddle.) 8vo, 

Poole's  Cak>rific  Power  of  Fuels 8vo, 

Prescott  and  Winslow's  Elements  of  Water  Bacteriology,  with  Special  Refer- 
ence to  Sanitary  Water  Analysis 12mo. 

*  Reisig's  Guide  to  Piece- Dyeing 8vo, 

Richards  and  Woodman's  Air,  Water,  and  Food  from  a  Sanitary  Stand- 
point  8vo. 

Ricketts  and  Miller's  Notes  on  Assaying 8vo, 

Rideal's  Disinfection  and  the  Preservation  of  Food 8vo, 

Sewage  and  the  Bacterial  Purification  of  Sewage 8vo, 

Rigg's  Elementary  Manual  for  the  Chemical  Laboratory 8vo, 

Robine  and  Lenglen's  Cyanide  Industry.     (Le  Clerc.) 8vo, 

Ruddiman's  Incompatit»ilities  in  Prescriptions 8vo, 

Whys  in  Pharxnacy 12mo, 

*  Ruer's  Elements  of  Metallography.     (Mathewson.) 8vo, 

Sabin's  Industrial  and  Artistic  Technology  of  Paint  and  Varnish 8vo, 

Salkowski's  Physiological  and  Pathological  Chemistry.     (Omdorff.) 8vo, 

Schimpfs  Essentials  of  Volumetric  Analysis 12mo, 

Manual  of  Volumetric  Analysis.     (Fifth  Edition.  Rewritten) 8vo, 

*  Qualitative  Chemical  Analysis 8vo, 

Seamon's  Manual  for  Assayers  and  Chemists.     (In  Press.) 

Smith's  Lecture  Notes  on  Chemistry  for  Dental  Students 8vo, 

Spencer's  Handbook  for  Cane  Sugar  Manufacturers 16mo,  mor. 

Handbook  for  Chemists  of  Beet-sugar  Houses 16mo,  mor. 

Stockbridge's  Rocks  and  Soils 8vo, 

Stone's  Practical  Testing  of  Gas  and  Gas  Meters 8vo, 

*  Tillman's  Descriptive  General  Chemistry 8vo, 

*  Elementary  Lessons  in  Heat 8vo, 

Treadwell's  Qualitative  Analysis.     (Hall.) 8vo. 

QuantiUttve  Analysis.     (Hall.) 8vo. 

5 


SI  00 

1  00 

1  60 

2  00 

1  50 

0  60 

1  25 

4  00 

1  00 

3  60 

4  00 

1  25 

1  00 

1  00 

2  50 

1  50 

1  50 

3  00 

1  00 

1  50 

1  60 

4  00 

5  00 

5  00 

2  00 

1  50 

2  OO 

2  OO 

1  00 

1  25 

1  00 

5  00 

3  00 

1  50 

25  00 

2  00 

3  00 

4  00 

4  00 

1  25 

4  00 

2  00 

1  00 

3  00 

3  00 

2  50 

1  25 

5  00 

1  25 

2  50 

3  00 

3  00 

2  50 

3  50 

3  00 

1  50 

3  00 

4  00 

15  00 

1  60 

3  00 

4  00 

5  00 

2  00 

3  00 

1  50 

1  60 

1  25 

3  50 

1  50 

1  50 

1  50 

3  00 

Turneatire  and  Russell's  Public  Water-supplies 8vo, 

Van  Deventer's  Physical  Chemistry  for  Beginners.     (Boltwood.) 12mo. 

Venable's  Methods  and  Devices  for  Bacterial  Treatment  of  Sewage 8vo, 

Ward  and  Whipple's  Freshwater  Biology.     (In  Press.) 

Ware's  Beet-sugar  Manufacture  and  Refining.     Vol.  1 8vo. 

Vol.  II 8vo. 

Washing  o  I's  Maniukl  of  the  Chemical  Analysis  of  Rocks 8vo, 

•  Weaver's  Military  Explosives 8vo, 

Wells's  Laboratory  Guide  in  Qualitative  Chemical  Analysis 8vo. 

Short  Cotirse  in  Inorganic  Qualitative  Chemical  Analysis  for  Engineering 
Students 12mo, 

Text-book  of  Chemical  Arithmetic 12mo, 

Whipple's  Microscopy  of  Drinking-water 8vo, 

Wilson's  Chlorination  Process 12mo, 

Cyanide  Processes 12mo. 

Winton's  Microscopy  of  Vegetables  Pood 8vo, 

Zsigmondy's  Colloids  and  the  Ultramicroscope.     (Alexander.).  .Larte  ISmo, 


CIVIL   ENGINEERIlfG. 

BRIDGES  AND   ROOFS.     HYDRAULICS.     MATERIALS  OP  ENGINEER- 
ING.    RAILWAY  ENGINEERING. 

Baker's  Engineers'  Sur\'eying  Instruments 12mo,  3  00 

Bixby's  Graphical  Computing  Table Paper  19i  X  24i  inches.  25 

Breed  and  Hosmer's  Principles  and  Practice  of  Surveying.     Vol.  I.  Elemen- 
tary Surveying 8vo,  3  00 

Vol.  II.     Higher  Surveying 8vo,  2  50 

*  Burr's  Ancient  and  Modem  Engineering  and  the  Isthmian  Canal 8vo,  3  50 

Comstock's  Field  Astronomy  for  Engineers 8vo,  2  50 

*  (k)rtheirs  Allowable  Pressure  on  Deep  Foundations 12mo,  1  26 

Crandall's  Text-book  on  Geodesy  and  Least  Squares 8vo,  3  00 

Davis's  Elevation  and  Stadia  Tables 8vo.  1  00 

Elliott's  Engineering  for  Land  Drainage r2mo,  1  50 

Practical  Farm  Drainage.     (Second  Edition  Rewritten.) 12mc«  1  50 

*  Fiebeger's  Treatise  on  Civil  Engineering 8vo,  5  00 

Flemer's  Photographic  Methods  and  Instruments 8vo,  5  00 

Polwell's  Sewerage.     (Designing  and  Maintenance. ) 8vo,  3  00 

Freitag's  Architectural  Engineering 8vo,  3  50 

Goodhue's  Municipal  Improvements 12mo,  1  50 

*  Hauch  and  Rice's  Tables  of  Quantities  for  Preliminary  Estimates. . .  12mo,  1  25 

Hayford's  Text-book  of  Geodetic  Astronomy 8vo,  3  00 

Hering's  Ready  Reference  Tables  (Conversion  Factors.) Idmo,  mor.  2  50 

Hosmer's  Azimuth idmo,  mor.  1  00 

Howe"  Retaining  Walls  for  Earth 12mo.  1  25 

*  Ives's  Adjustments  of  the  Engineer's  Transit  and  Level lOmo,  bds.  25 

Johnson's  (J.  B.)  Theory  and  Practice  of  Surveying Large  12mo,  4  00 

Johnson's  (L.  J.)  Statics  by  Algebraic  and  Graphic  Methods 8vo,  2  00 

Kinnicutt,  Winslow  and  Pratt's  Purification  of  Sewage.     (In  Preparation.) 

*  Mahan's  Descriptive  Geometry 8vo.  1  50 

Merriman's  Elements  of  Precise  Surveying  and  Geodesy 8vo,  2  50 

Merriman  and  Brooks's  Handbook  for  Surveyors Idmo,  mor.  2  00 

Nugent's  Plane  Surveying 8vo,  3  50 

Ogden's  Sewer  Construction 8vo,  3  00 

Sewer  Design 12mo.  2  00 

Parsons's  Disposal  of  Municipal  Refuse 8vo,  2  00 

Patton's  Treatise  on  Civil  Engineering 8vo,  half  leather.  7  50 

Reed's  Topographical  Drawing  and  Sketching 4to.  5  00 

Rideal's  Sewage  and  the  Bacterial  Purification  of  Sewage 8vo.  4  00 

Riemer's  Shaft-sinking  under  Difficult  (Auditions.  (Co/ning  and  Peele.).Svo.  3  00 

Siebert  and  Biggin's  Modem  Stone-cutting  and  Masonry 8vo,  1  50 

Smith's  Manual  of  Topographical  Drawing.     (McMillan.) 8vo»  2  50 
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Soper's  Air  and  Ventilation  of  Subways. 12mo, 

*  Tracy's  Exercises  in  Siirveying 12mo,  mor. 

Tracy's  Plane  Surveying 16mo,  mor. 

♦  Trautwine's  Civil  Engineer's  Pocket-book 16mo,  mor. 

Venable's  Garbage  Crematories  in  America 8vo, 

Methods  and  Devices  for  Bacterial  Treatment  of  Sewage 8vo, 

Wait's  Engineering  and  Architectural  Jurisprudence 8vo, 

Sheep, 

Law  of  Contracts ■  •  -Svo, 

Law  of  Operations  Preliminary  to  Construction  in  Engineering  and 

Architecture 8vo, 

Sheep, 

Warren's  Stereotomy — Problems  in  Stone-cutting 8vo, 

•Waterbury's  Vest-Pocket  Hand-book  of   Mathematics  for  Engineers. 

2iX6|  inches,  mor. 

*  Enlarged  Edition.  Including  Tables mor. 

Webb's  Problem's  in  the  Use  and  Adjustment  of  Engineering  Instruments. 

16mo,  mor. 
Wilson's  Topographic  Surveying 8vo, 


BRIDGES   AND  ROOFS. 

Boiler's  Practical  Treatise  on  the  Construction  of  Iron  Highway  Bridges. .8 vo,  2  00 

*  Thames  River  Bridge Oblong  paper,  6  00 

Burr  and  Palk's  Design  and  Construction  of  Metallic  Bridges 8vo,  6  00 

Influence  Lines  for  Bridge  and  Roof  Computations 8vo.  3  00 

Du  Bois's  Mechanics  of  Engineering.     Vol.  II Small  4to.  10  00 

Foster's  Treatise  on  Wooden  Trestle  Bridges 4to,  5  00 

Fowler's  Ordinary  Fopndations 8vo.  3  60 

Greene's  Arches  in  Wood.  Iron,  and  Stone. 8vo,  2  60 

Bridge  Trusses 8vo,  2  50 

Roof  Trusses 8vo,  I  26 

Grimm's  Secondary  Stresses  in  Bridge  Trusses 8vo.  2  50 

Heller's  Stresses  in  Structures  and  the  Accompanying  Deformations.. ,  .8vo,  3  00 

Howe's  Design  of  Simple  Roof-trusses  in  Wood  and  Steel 8vo.  2  00 

Symmetrical  Masonry  Arches 8vo,  2  50 

Treatise  on  Arches 8vo,  4  00 

*  Jacoby's  Structural  Details,  or  Elements  of  Design  in  Heavy  Framing,  8vo.  2  26 
Johnson.  Bryan  and  Tumeaure's  Theory  and  Practice  in  the  Designing  of 

Modem  Framed  Structures Small  4to.  10  00 

Merriman  and  Jacoby's  Text-book  on  Roofs  and  Bridges: 

Part  I.      Stresses  in  Simple  Trusses 8vo,  2  60 

Part  II.     Graphic  Statics 8vo,  2  60 

Part  III.      BridKC  Design 8vo.  2  60 

Part  IV.   Higher  Structures 8vo.  2  60 

Morison's  Memphis  Bridge Oblong  4to,  10  00 

Sondericker's  Graphic  Statics,  with  Applications  to  Trusses,  Beams,  and 

Arches 8vo,  2  00 

Waddell's  De  Pontibus,  Pocket-book  for  Bridge  Engineers lOmo,  mor.  2  00 

*  Specifications  for  Steel  Bridges 12mo,  60 

Waddell  and  Harringtoon's  Bridge  Engineering.     (In  Preparation.) 

Wright's  Designing  of  Draw-spans.     Two  parts  in  one  volume 8vo,  3  60 


HYDRAULICS. 

Barnes's  Ice  Formation 8vo.  3  00 

Bazin's  Experiments  upon  the  Contraction  of  the  Liquid  Vein  Issuing  from 

an  Orifice.     (Trautwine.) 8vo.  2  00 

Bovey's  Treatise  on  Hydraulics 8vo,  6  00 

Church's  Diagrams  of  Mean  Velocity  of  Water  in  Open  Channels. 

Oblong  4to,  paper.  1  60 

Hydraulic  Motors 8vo,  2  00 
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Cofiin's  Graphical  Solution  of  Hydraulic  Problems 16mo,  mor.  S2  50 

Plather's  Dyzxamometers.  and  the  Measurement  of  Power 12mo.  3  00 

Polwell's  Water-supply  Engineering 8vo,  4  00 

Prizell's  Water-power 8vo,  5  00 

Puertes's  Water  and  Public  Health 12mo.  1  SO 

Water-filtration  Works 12mo.  2  50 

Ganguillet  and  Kutter's  General  Pormula  for  the  Uniform  Plow  of  Water  in 

Rivers  and  Other  Channels.     (Hering  and  Trautwine.) 8vo,  4  00 

Hazen's  Clean  Water  and  How  to  Get  It LArge  12mo.  1  50 

Ptltration  of  Public  Water-supplies 8vo.  3  00 

Hazelhurst's  Towers  and  Tanks  for  Water-works 8vo,  2  50 

Herschel's  115  Experiments  on  the  Carrying  Capacity  of  Large,  Riveted,  Metal 

ConduiU 8vo,  2  00 

Hoyt  and  Grover's  River  Discharge 8vo,  2  00 

Hubbard  and   Kiersted's  Water-works  Management  and  Maintenance. 

8vo.  4  00 

*  Lyndon's  Development  and  Electrical  Distribution   of  Water   Power. 

8vo.  3  00 
Mason's  Water-supply.     (Considered   Principally  from  a  Sanitary  Stand- 
point.)   8vo,  4  00 

Merriman's  Treatise  on  Hydraulics 8vo,  5  00 

*  Molitor's  Hydraulics  of  Rivers,  Weirs  and  Sluices 8vo,  2  00 

*  Richards's  Laboratory  Noted  on  Industrial  Water  Analysis 8vo,  50 

Schuyler's  Reservoirs  for  Irrigation,  Water-power,  and  Domestic  Water- 
supply.     Second  Edition,  Revised  and  Enlarged Large  8vo,  6  00 

*  Thomas  and  Watt's  Improvement  of  Rivers 4to,  6  00 

Tumeaure  and  Russell's  Public,  Water-supplies 8vo,  5  00 

Wegmann's  Design  and  Construction  of  Dams.     5th  Ed.,  enlarged 4to,  6  GO 

Water-Supply  of  the  City  of  New  York  from  1658  to  1895 4*o,  10  00 

Whipple's  Value  of  Pure  Water Large  12mo,  1  00 

Williams  and  Hazen's  Hydraulic  Tables 8vo,  1  50 

Wilson's  Irrigation  Engineering 8vo,  4  00 

Wood's  Turbines 8vo,  2  50 


MATERIALS   OP   ENGINEERING. 

Baker's  Roads  and  Pavements 8vo,  6  00 

Treatise  on  Masonry  Construction 8vo.  5  00 

Black's  United  States  Public  Works Oblong  4to,  5  00 

Blanchard's  Bituminous  Roads.     (In  Press.) 

Bleininger's  Manufacture  of  Hydraulic  Cement.     (In  Preparation.) 

*  Bovey's  Strength  of  Materials  and  Theory  of  Structures 8vo,  7  50 

Burr's  Elasticity  and  Resistance  of  the  Materials  of  Engineering 8vo,  7  60 

Byrne's  Highway  Construction 8vo.  5  00 

Inspection  of  the  Materials  and  Workmanship  Employed  in  Construction. 

16mo,     3  00 

Church's  Mechanics  of  Engineering 8vo,     6  00 

Du  Bois's  Mechanics  of  Engineering. 

Vol.    I.  kinematics.  Statics.  Kinetics Small  4to.     7  50 

Vol.  II.  The  Stresses  in  Framed  Structures,  Strength  of  Materials  and 

Theory  of  Flexures Small  4to.  10  00 

*  Eckel's  Cements,  Limes,  and  Plasters 8vo.     6  00 

Stone  and  Clay  Products  used  in  Engineering.     (In  Preparation.) 
Fowler's  Ordinary  Potmdations 8vo,     3  60 

*  Greene's  Structural  Mechanics 8vo,     2  50 

*  Holley's  Lead  and  Zinc  Pigments Large  12mo.     3  00 

Holley  and  Ladd's  Analysis  of  Mixed  Paints,  Color  Pigments  and  Varnishes. 

Large  12mo.  2  50 
Hubbard's  Dust  Preventives  and  Road  Binders.     (In  Preparation.) 
Johnson's  (C.  M.)  Rapid  Methods  for  the  Chemical  Analysis  of  Special  Steels, 

Steel-making  Alloys  and  Graphite Large  12mo,  3  00 

Johnson's  (J.  B.)  Materials  of  (instruction Large  Svo,  6  00 

Keep's  Cast  Iron 8vo.  2  50 

Lanza's  Applied  Mechanics 8vo,  7  60 

Ix>«re's  Paint  for  Steel  Structures 12mo,  1  00 
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Maire's  Modern  Pigments  and  their  Vehicles 12mo, 

Martens's  Handbook  on  Testing  Materials.     (Henning.)     2  vols 8vo, 

Maurer's  Technical  Mechanics 8vo, 

Merrill's  Stones  for  Building  and  Decoration Svo, 

Merriman's  Mechanics  of  Materials Svo, 

*  Strength  of  Materials 12mo. 

Metcalf's  Steel.     A  Manual  for  Steel-users 12mo, 

Morrison's  Highway  Engineering * Svo. 

Patton's  Practical  Treatise  on  Foundations Svo, 

Rice's  Concrete  Block  Manufacture Svo, 

Richardson's  Modem  Asphalt  Pavements Svo, 

Richey's  Building  Foreman's  Pocket  Book  and  Ready  Reference.  16mo.mor. 

*  Cement  Workers'  and  Plasterers'  Edition  (Building  Mechanics'  Ready 

Reference  Series) 16mo,  mor. 

Handbook  for  Superintendents  of  Construction 16mo,  mor. 

*  Stone    and    Brick    Masons'    Edition   (Building    Mechanics'    Ready 

Reference  Series) 16mo,  mor. 

*  Rles's  Clays :  Their  Occurrence,  Properties,  and  Uses Svo, 

♦  Ries  and  Leighton's  History  of  the  Clay-working  Industry  of  the  United 

States Svo. 

Sabin's  Industrial  and  Artistic  Technology  of  Paint  and  Varnish Svo. 

*  Smith's  Strength  of  Material 12mo 

Snow's  Principal  Species  of  Wood Svo, 

Spalding's  Hydraulic  Cement 12mo, 

Text-book  on  Roads  and  Pavements 12mo, 

Taylor  and  Thompson's  Treatise  on  Concrete,  Plain  and  Reinforced Svo, 

Thurston's  Materials  of  Engineering.     In  Three  Parts Svo, 

Part  I.     Non-metallic  Materials  of  Engineering  and  Metallurgy Svo, 

Part  11.     Iron  and  Steel Svo, 

Part  III.    A  Treatise  on  Brasses,  Bronzes,  and  Other  Alloys  and  their 

Constituents Svo, 

Tillson's  Street  Pavements  and  Paving  Materials Svo, 

♦  Trautwine's  Concrete,  Plain  and  Reinforced I6mo, 

Tumeaure  and  Maurer's  Principles  of  Reinforced  Ojncrete  Construction. 

Second  Edition,  Revised  and  Enlarged Svo. 

Waterbury's  Cement  Laboratory  Manual 12mo. 

Wood's  (De  V.)  Treatise  on  the  Resistance  of  Materials,  and  an  Appendix  on 

the  Preservation  of  Timber Svo,     2  00 

Wood's  (M.  P.)  Rustless  Coatings:  Corrosion  and  Electrolysis  of  Iron  and 

Steel Svo,     4  00 


RAILWAY   ENGINEERING. 

Andrews's  Handbook  for  Street  Railway  Engineers 3X5  inches,  mor.  1   25 

Berg's  Buildings  and  Structures  of  American  Railroads 4to,  5  00 

Brooks's  Handbook  of  Street  Railroad  Location Idmo,  mor.  1  50 

Butts's  Civil  Engineer's  Field-book I6mo,  mor.  2  50 

Crandall's  Railway  and  Other  Earthwork  Tables Svo,  1  50 

Transition  Curve 16mo,  mor.  1  50 

*  Crockett's  Methods  for  Earthwork  Computations Svo,  ]  50 

Dredge's  History  of  the  Pennsylvania  Railroad.  (1S70) Papet  5  00 

Fisher's  Table  of  Cubic  Yards Cardboard.  25 

Godwin's  Railroad  Engineers'  Field-book  and  Explorers'  Guide. .  16mo,  mor.  2  50 
Hudson's  Tables  for  CalctUating  the  Cubic  Contents  of  Excavations  and  Em- 
bankments  Svo,  1  00 

Ives  and  Hilts's  Problems  in  Survejring,  Railroad  Survejring  and  Geodesy 

16mo.  mor.  1  50 

Molitor  and  Beard's  Manual  for  Resident  Engineers 16mo,  1  00 

Nagle's  Field  Manual  for  Railroad  Engineers 16mo,  mor.  3  00 

*  Orrock's  Railroad  Structures  and  Estimates Svo,  3  (X) 

Philbrick's  Field  Manual  for  Engineers Idmo,  mor.  3  00 

Raymond's  Railroad  Engineering.     3  volumes. 

VoL      I.  Railroad  Field  Geometry.     (In  Preparation.) 

VoL    II.  Elements  of  Railroad  Engineering 8vo,  3  50 

VoL  III.  Railroad  Engineer's  Field  Book.     (In  Preparation.) 
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Searles's  Field  Engineering lOmo,  mor. 

Railroad  Spiral 16mo.  mor. 

Taylor's  Prismoidal  Pormul^e  and  Earthwork 8vo, 

*  Trautw^ne's  Field  Practice  of  Laying  Out  Circular  Curves  lor  Railroads. 

12mo.  mor. 

*  Method  of  Calculating  the  Cubic  Contents  of  Excavations  and  Em- 
bankments by  the  Aid  of  Diagrams 8vo, 

Webb's  Economics  of  Railroad  Constkniction Large  12mo, 

Railroad  Construction 16mo,  mor. 

Wellington's  Economic  Theory  of  the  Location  of  Railways Large  12mo, 

Wilson's  Elements  of  Railroad-Track  and  Construction 12mo, 


DRAWING. 

Barr's  Kinematics  of  Machinery 8vo.  2  50 

*  Bartlett's  Mechanical  Drawing 8vo.  3  00 

*  •*                       "               "           AbridgcdEd 8vo,  160 

Coolidge's  Manual  of  Drawing 8vo,  paper,  1  00 

CooUdge  and  Freeman's  Elements  of  General  Drafting  for  Mechanical  Engi- 
neers  Oblong  4to.  2  50 

Durley 's  Kinematics  of  Machines 8vo,  4  00 

Emch's  Introduction  to  Projective  Geometry  and  its  Application 8vo,  2  50 

French  and  Ives'  Stereotomy 8vo,  2  50 

Hill's  Text- book  on  Shades  and  Shadows,  and  Perspective 8vo,  2  00 

Jamison's  Advanced  Mechanical  Drawing 8vo,  2  00 

Elements  of  Mechanical  Drawing 8vo,  2  60 

Jones's  Machine  Design: 

Part  I,    Kinematics  of  Machinery 8vo,  1  50 

Part  II.  Form,  Strength,  and  Proportions  of  Parts 8vo,  3  00 

Kimball  and  Barr's  Machine  Design 8vo,  3  00 

MacCord's  Elements  of  Descritpive  Geometry 8vo,  3  00 

Kinematics:  or,  Practical  Mechanism 8vo,  5  00 

Mechanical  Drawing 4to,  4  00 

Velocity  Diagrams 8vo,  1  60 

McLeod's  Descriptive  Geometry Large  12mo,  1  50 

*  Mahan's  Descriptive  Geometry  and  Stone-cutting 8vo,  1  50 

Industrial  Drawing.     (Thompson.) 8vo,  3  60 

Moyer's  Descriptive  Geometry 8vo,  2  00 

Reed's  Topographical  Drawing  «tnd  Sketching 4to,  5  00 

Reid's  Course  in  Mechanical  Drawing 8vo,  2  00 

Text-book  of  Mechanical  Drawing  and  Elementary  Machine  Design.. 8vo,  3  00 

Robinson's  Principles  of  Mechanism 8vo.  3  00 

Schwamb  and  Merrill's  Elements  of  Mechanism 8vo,  3  00 

Smith  (A.  W.)  and  Marx's  Machine  Design 8vo,  3  00 

Smith's  (R.  S.)  Manual  of  Topographical  Drawing.     (McMillan.) 8vo,  2  50 

*  Titsworth's  Elements  of  Mechanical  Drawing Oblong  8vo,  I  25 

Warren's  Drafting  Instruments  and  Operations 12mo,  1  25 

Elements  of  Descriptive  Geometry,  Shadows,  and  Perspective 8vo,  3  50 

Elements  of  Machine  Construction  and  Drawing 8vo.  7  50 

Elements  of  Plane  and  Solid  Free-hand  Geometrical  Drawing 12mo,  1  00 

General  Problems  of  Shades  and  Shadows 8vo,  3  00 

Manual  of  Elementary  Problems  in  the  Linear  Perspective  of  Forms  and 

Shadow 12mo,  I  00 

Manual  of  Elementary  Projection  Drawing 12mo,  1  60 

Plane  Problems  in  Elementary  Geometry 12mo,  1  25 

Problems,  Theorems,  and  Examples  in  Descriptive  Geometry 8vo,  2  50 

Weisbach's    Kinematics    and    Power    of    Transmission.     (Hermann    and 

Klein.) 8vo,  6  00 

Wilson's  (H.  M.)  Topographic  Surveying 8vo,  3  50 

♦Wilson's  (V.  T.)  Descriptive  Geometry 8vo.  1  60 

Free-hand  Lettering 8vo,  1  00 

Free-hand  Perspective 8vo,  2  50 

Woolf's  Elementary  Course  in  Descriptive  Geometry Large  8vo,  3  00 

10 


SLECTRICITY  AIVD  PHYSICS. 

*  Abegg's  Theory  of  Electrolytic  Dissociation,     (von  Ende.) 12mo, 

Andrews's  Hand-book  for  Street  Railway  Engineering 3X5  inches,  mor. 

Anthony  and  Brackett's  Text-book  of  Physics.     (Magie.) Large  12mo, 

Anthony  and  Ball's  Lecture-notes  on  the  Theory  of  Electrical  Measure- 
ments  12mo. 

Benjamin's  History  of  Electricity 8vo, 

Voltaic  Cell 8vo, 

Betts's  Lead  Refining  and  Electrolysis 8vo, 

Classen's  Quantitative  Chemical  Analysis  by  Electrolysis.     (Boltwood.).8vo, 

*  CoUins's  Manual  of  Wireless  Telegraphy  and  Telephony 12mo. 

Crehore  and  Squier's  Polarizing  Photo-chronograph 8vo, 

*  Danneel's  Electrochemistry.     (Merriam.) 12mo. 

Dawson's  "  Engineering"  and  Electric  Traction  Pocket-book. . . .  16mo,  mor. 
Dolezalek's  Theory  of  the  Lead  Accumulator  (Storage  Battery),     (von  Ende. ) 

12mo, 

Duhem's  Thermodynamics  and  Chemistry.     (Bxirgess.) 8vo, 

Plather's  Dynamometers,  and  the  Measurement  of  Power 12mo, 

Getman's  Introduction  to  Physical  Science 12mo, 

Gilbert's  De  Magnete.     (Mottelay  ) 8vo, 

*  Hanchett's  Alternating  Currents 12mo, 

Hering's  Ready  Reference  Tables  (Conversion  Factors) 16mo.  mor. 

*  Hobart  and  Ellis's  High-speed  Dynamo  Electric  Machinery 8vo, 

Holman's  Precision  of  Measurements 8vo, 

Telescopic  Mirror-scale  Method,  Adjustments,  and  Tests. . . .  Large  8vo, 

*  Karapetoff 's  Experimental  Electrical  Engineering 8vo, 

Kinzbrunner's  Testing  of  Continuous-current  Machines 8vo, 

Landauer's  Spectrum  Analysis.     (Tingle.) 8vo, 

LeChatelier's  High- temperature  Measurements.  (Boudouard — Burgess. )12mo, 
Ldb's  Electrochemistry  of  Organic  Compounds.     (Lorenz.) 8vo, 

*  Lyndon's  Development  and  Electrical  Distribution  of  Water  Power.  .8vo, 

*  Lyons's  Treatise  on  Electromagnetic  Phenomena.  Vols,  I  .and  II.  8vo,  each, 

*  Michie's  Elements  of  Wave  Motion  Relating  to  Sound  and  Light 8vo, 

Morgan's  Outline  of  the  Theory  of  Solution  and  its  Results 12mo, 

*  Physical  Chemistry  for  Electrical  Engineers 12rao, 

*  Norris's  Introduction  to  the  Study  of  Electrical  Engineering 8vo, 

Norris  and  Dennison's  Course  of  Problems  on  the  Electrical  Characteristics  of 

Circuits  and  Machines.     (In  Press.) 

*  Parshall  and  Hobart's  Electric  Machine  Design 4to,  half  mor,  12  60 

Reagan's  Locomotives:  Simple,  Compotmd,  and  Electric.     New  Edition. 

Large  12mo,  3  60 

*  Rosenberg's  Electrical  Engineering.     (Haldane  Gee — Kinzbrunner.).  .8vo,  2  00 

Ryan.  Norris,  and  Hoxie's  Electrical  Machinery.     Vol.  1 8vo,  2  60 

Schapper's  Laboratory  Guide  for  Students  in  Physical  Chemistry 12mo,  1  00 

*  Tillman's  Elementary  Lessons  in  Heat 8vo,  1  50 

Tory  and  Pitcher's  Manual  of  Laboratory  Physics Large  12mo,  2  00 

Ulke's  Modem  Electrolytic  Copper  Refining 8vo.  3  00 


LAW. 

*  Brennan's  Hand-book  of  Useful  Legal  Information  for  Business  Men. 

16mo,  mor.  5  00 

*  Davis's  Elements  of  Law 8vo,  2  50 

•  Treatise  on  the  Military  Law  of  United  States 8vo,  7  00 

*  Dudley's  Military  Law  and  the  Procedure  of  Courts-martial. .  Large  12mo,  2  50 

Manual  for  Courts-martial 16mo,  mor.  1  60 

Wait's  Engineering  and  Architectural  Jurisprudence 8vo,  6  00 

Sheep.  6  50 

Law  of  Contracts 8vo,  3  00 

Law  of  Operations  Preliminary  to  Construction  in  Engineering  and 

Architecture 8vo,  6  00 

Sheep,  6  60- 
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MATHEMATICS. 

Baker's  Elliptic  Punctioiis. 8vo, 

Briggs's  Elements  of  Plane  Analytic  Geometry.     (Bdcher.) 12mo, 

*  Buchanan's  Plane  and  Spherical  Trigonometry 8vd, 

Byerley's  Harmonic  Functions 8vo, 

Chandler's  Elements  of  the  Infinitesimal  Calculus 12mo, 

*  CoflSn's  Vector  Analysis 12mo, 

Compton's  Manual  of  Logarithmic  Computations. 12nio. 

*  Dickson's  College  Algebra. Large  12mo, 

*  Introduction  to  the  Theory  of  Algebraic  Equations Large  12mo. 

Emch's  Introduction  to  Projective  Geometry  and  its  Application 8vo, 

Piske's  Functions  of  a  Complex  Variable. 8vo, 

Halsted's  Elementary  Synthetic  Geometry 8vo. 

Elements  of  Geometry 8vo, 

*  Rational  Geometry 12mo, 

Synthetic  Projective  Geometry 8vo, 

Hyde's  Grassmann's  Space  Analysis 8vo, 

*  Johnson's  (J.  B.)  Three-place  Logarithmic  Tables:  Vest-pocket  sixe,  paper. 

*  100  copies, 
*  Mounted  on  heavy  cardboard,  8  X 10  inches, 

*  10  copies, 
Johnson's  (W.  W.)  Abridged  Editions  of  Differential  and  Integral  Calculus. 

Large  12mo,  I  vol. 

Curve  Tracing  in  Cartesian  Co-ordinates 12mo, 

Differential  Equations 8vo. 

Elementary  Treatise  on  Differential  Calculus Large  12mo. 

Elementary  Treatise  on  the  Integral  Calculus Large  12mo, 

*  Theoretical  Mechanics i2mo. 

Theory  of  Errors  and  the  Method  of  Least  Squares 12mo. 

Treatise  on  Differential  Calculus Large  12mo, 

Treatise  on  the  Integral  Calculus Large  12mo, 

Treatise  on  Ordinary  and  Partial  Differential  Equations. .  .Large  12mo, 

Karapetoff's  Engineering  Applications  of  Higher  Mathematics. 

(In  Preparation.) 
Laplace's  Philosophical  Essay  on  Probabilities.  (Truscott  and  Emory. ) .  1 2mo.     2  00 

*  Ludlow  and  Bass's  Elements  of  Trigonometry  and  Logarithmic  and  Other 

Tables 8vo.  3  00 

*  Trigonometry  and  Tables  published  separately Each,  2  00 

*  Ludlow's  Logarithmic  and  Trigonometric  Tables 8vo,  1  00 

Macfarlane's  Vector  Analysis  and  Quaternions 8vo,  1  00 

McMahon's  Hyperbolic  Functions 8vo.  1  00 

Manning's  Irrational  Numbers  and  their  Representation  by  Sequences  and 

Series 12mo,     1  26 

Mathematical  Monographs.     Edited  by  Mansfield  Merriman  and   Robert 

S.  Woodward Octavo,  each     1  00 

No.  1.  History  of  Modem  Mathematics,  by  David  Eugene  Smith. 
No.  2.  Synthetic  Projective  Geometry,  by  George  Bruce  Halsted. 
No.  3.  Determinants,  by  Laenas  Gifford  Weld.  No.  4.  Hyper- 
bolic Functions,  by  James  McMahon.  No.  5.  Harmonic  Func- 
tions, by  William  E.  Byerly.  No.  6.  Grassmann's  Space  Analysis, 
by  Edward  W.  Hyde.  No.  7.  Probability  and  Theory  of  Errors, 
by  Robert  S.  Woodward.  No.  8.  Vector  Analysis  and  Quaternions, 
by  Alexander  Macfarlane.  No.  0.  Differential  Equations,  by 
William  Woolsey  Johnson.  No.  10.  The  Solution  of  Equations, 
by  Mansfield  Merriman.  No.  11.  Functions  of  a  Complex  Variable^ 
by  Thomas  S.  Fiske. 

Maurer's  Technical  Mechanics 8vo,     4  00 

Merriman 's  Method  of  Least  Squares 8vo,     2  00 

Solution  of  Equations 8vo.     1  00 

Rice  and  Johnson's  Differential  and  Integral  Calculus.     2  vols,  in  one. 

Large  12mo,     1  50 

Elementary  Treatise  on  the  Differential  Calculus Large  12mo,     3  00 

Smith's  History  of  Modem  Mathematics 8vo,     1  00 

*  Veblen  and  Lennes's  Introduction  to  the  Real  Infinitesimal  Analysis  of  One 

Variable 8vo.    2  00 
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^  Waterbury's  Vest  Pocket  Hand-book  of  Mathematics  for  Engineers. 

2|X5|  inches,  mor.  Si  00 

*  Enlarged  Edition.  Including  Tables mor.     1  50 

Weld's  Determinants 8vo,     1  00 

Wood's  Elements  of  Co-ordinate  Geometry 8vo.     2  00 

Woodward's  Probability  and  Theory  of  Errors 8vo.     1  00 


MECHANICAL  ENGINEERING. 

MATERIALS  OP  ENGINEERING,  STEAM-ENGINES   AND   BOILERS. 

Bacon's  Forge  Practice 12mo,  1  50 

Baldwin's  Steam  Heating  for  Buildings 12mo.  2  50 

Barr's  Kinematics  of  Machinery 8vo,  2  50 

*  Bartlett's  Mechanical  Drawing 8vo.  3  00 

*  "                   "                 ••       Abridged  Ed 8vo.  160 

*  Burr's  Ancient  and  Modem  Engineering  and  the  Isthmian  Canal 8vo.  3  50 

Carpenter's  Experimental  Engineering 8vo,  6  00 

Heating  and  Ventilating  Buildings 8vo,  4  00 

Clerk's  Gas  and  Oil  Engine.     (New  edition  in  press.) 

Compton's  First  Lessons  in  Metal  Working 12mo.  1  50 

Compton  and  De  Groodt's  Speed  Lathe. 12mo,  1  50 

Coolidge's  Manual  of  Drawing 8vo.  paper,  1  00 

Coolidge  and  Freeman's  Elements  of  Geenral  Drafting  for  Mechanical  En- 
gineers  Oblong  4to,  2  50 

-Cromwell's  Treatise  on  Belts  and  Pulleys 12mo,  1  50 

Treatise  on  Toothed  Gearing 12mo.  1  50 

Dingey's  Machinery  Pattern  Making 12mo,  2  00 

Durley's  Kinematics  of  Machines 8vo,  4  00 

Planders's  Gear-cutting  Machinery Large  12mo,  3  00 

Flather's  Dynamometers  and  the  Measurement  of  Power 12mo,  3  00 

Rope  Driving 12mo,  2  00 

Gill's  Gas  and  Fuel  Analjrsis  for  Engineers 12mo,  1  25 

Goss's  Locomotive  Sparln 8vo,  2  00 

Greene's  Pumping  Machinery.     (In  Preparation.) 

Hering's  Ready  Reference  Tables  (0>n version  Factors) 16mo,  mor.  2  50 

*  Hobart  and  Ellis's  High  Speed  Dynamo  Electric  Machinery 8vo.  6  00 

Hutton's  Gas  Engine 8vo,  5  00 

Jamison's  Advanced  Mechanical  Drawing 8vo,  2  00 

Elements  of  Mechanical  Drawing 8vo,  2  50 

Jones's  Gas  Engine 8vo.  4  00 

Machine  Design: 

Part  I.      Kinematics  of  Machinery 8vo.  1  50 

Part  II.     Form,  Strength,  and  Proportions  of  Parts 8vo,  3  (X) 

Kent's  Mechanical  Engineer's  Pocket- Book. 16mo,  mor.  5  00 

Kerr's  Power  and  Power  Transmission 8vo,  2  (X) 

Kimball  and  Barr's  Machine  Design 8vo.  3  (X) 

*  Levin's  Gas  Engine 8vo.  4  (X) 

Leonard's  Machine  Shop  Tools  and  Methods 8vo,  4  00 

*  Lorenz's  Modem  Refrigerating  Machinery.  (Pope.  Haven,  and  Dean).  .8vo,  4  (X) 
MacCord's  Kinematics;  or,  Practical  Mechanism 8vo,  5  (X) 

Mechanical  Drawing 4to,  4  (X) 

Velocity  Diagrams 8vo,  1  50 

MacFarland's  Sundard  Reduction  Factors  for  Gases 8vo,  1  50 

Mahan's  Industrial  Drawing.     (Thompson.) 8vo,  3  50 

Mehrtens's  Gas  Engine  Theory  and  Design Large  12mo,  2  50 

Oberg's  Handbook  of  Small  Tools Large  12mo.  3  00 

*  Parshall  and  Hobart's  Electric  Machine  Design.  Small  4to.  half  leather,  12  50 

Peele's  Compressed  Air  Plant  for  Mines 8vo,  3  00 

Poole's  Calorific  Power  of  Fuels 8vo,  3  00 

*  Porter's  En^neering  Reminiscences,  1855  to  1882 8vo.  3  00 

Reid's  Course  in  Mechanical  Drawmg 8vo,  2  00 

Text-book  of  Mechanical  Drawing  and  Elementary  Machine  Design.Svo.  3  00 
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Richards's  Compressed  Air 12mo,  Si  50 

Robinson's  Principles  of  Mechanism 8vo,  3  00 

Schwamb  and  Merrill's  Elements  of  Mechanism 8vo,  3  00 

Smith  (A.  W.)  and  Marx's  Machine  Design 8vo,  3  00 

Smith's  (O.)  Press-working  of  Metals 8vo.  3  00 

Sorel's  Carbureting  and  Combustion  in  Alcohol  Engines.     (Woodward  and 

Preston.) Large  12mo,  3  00 

Stone's  Practical  Testing  of  Gas  and  Gas  Meters 8vo.  3  50 

Thurston's  Animal  as  a  Machine  and  Prime  Motor,  and  the  Laws  of  Energetics. 

12mo,  1  00 

Treatise  on  Friction  and  Lost  Work  in  Machinery  and  Mill  Work. .  .8vo,  3  00 

*  Tillson's  Complete  Automobile  Instructor 16mo.  1  50 

*  Titsworth's  Elements  of  Mechanical  Drawing Oblong  8vo,  1  25 

Warren's  Elements  of  Machine  Construction  and  Drawing 8vo,  7  60 

*  Waterbury's  Vest  Pocket  Hand-book  of  Mathematics  for  Engineers. 

2iX5|  inches,  mor.  1  00 

*  Enlarged  Edition,  Including  Tables mor.  1  50 

Weisbach's    Kinematics  and   the   Power  of   Transmission.     (Herrmann — 

Klein.) 8vo,  5  00 

Machinery  of  Transmission  and  Governors.     (Hermann — Klein. ) .  .  8 vo,  5  00 

Wood's  Turbines 8vo,  2  60 


MATERIALS  OF  ENGINEERING. 

*  Bovey's  Strength  of  Materials  and  Theory  of  Structures 8vo,  7  50 

Burr's  Elasticity  and  Resistance  of  the  Materials  of  Engineering 8vo.  7  50 

Church's  Mechanics  of  Engineering 8vo.  6  00 

*  Greene's  Structural  Mechanics 8vo,  2  50 

*  HoUey's  Lead  and  Zinc  Pigments Large  12mo  3  00 

HoUey  and  Ladd's  Analysis  of  Mixed  Paints,  Color  Pigments,  and  Varnishes. 

Large  12mo,  2  50 
Johnson's  (C.  M.)  Rapid    Methods   for   the   Chemical   Analysis  of   Special 

Steels.  Steel- Making  Alloys  and  Graphite Large  12mo.  3  00 

Johnson's  (J.  B.)  Materials  of  Construction 8vo,  6  00 

Keep's  Cast  Iron 8vo,  2  50 

Lanza's  Applied  Mechanics 8vo,  7  50 

Maire's  Modern  Pigments  and  their  Vehicles 12mo.  2  00 

Maurer's  Techincal  Mechanics 8vo,  4  00 

Merriman's  Mechanics  of  Materials 8vo,  5  00 

♦  Strength  of  Materials 12mo,  1  00 

Metcalf 's  Steel.     A  Manual  for  Steel-users 12mo,  2  00 

Sabin's  Industrial  and  Artistic  Technology  of  Paint  and  Varnish 8vo,  3  00 

Smith's  ((A.  W.)  Materials  of  Machines 12mo,  1  00 

*  Smith's  (H.  E.)  Strength  of  Material 12mo,  1  26 

Thurston's  Materials  of  Engineering 3  vols.,  8vo,  8  00 

Part  I.     Non-metallic  Materials  of  Engineering, 8vo.  2  00 

Part  II.     Iron  and  Steel 8vo,  3  60 

Part  III.     A  Treatise  on  Brasses,  Bronzes,  and  Other  Alloys  and  their 

Constituents 8vo,  2  60 

Wood's  (De  V.)  Elements  of  Analytical  Mechanics 8vo,  3  00 

Treatise  on    the    Resistance   of    Materials   and    an    Appendix   on   the 

Preservation  of  Timber 8vo,  2  00 

Wood's  (M.  P.)  Rustless  Coatings:    Corrosion  and  Electrolysis  of  Iron  and 

Steel 8vo,  4  00 


STEAM-ENGINES  AND  BOILERS. 

Berry's  Temperature-entropy  Diagram 12mo,     2  00 

Camot's  Reflections  on  the  Motive  Power  of  Heat.     (Thurston.) I2mo,     1  50 

Chase's  Art  of  Pattern  Making 12mo,     2  50 
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Crdghton's  Steam-engine  and  other  Heat  Motors 8vo, 

Dawson's  "Engineering"  and  Electric  Traction  Pocket-book. ..  .16mo.  mor. 

Ford's  Boiler  Making  for  Boiler  Makers 18mo, 

*  Gebhardt's  Steam  Power  Plant  Engineering 8vo, 

Goss's  Locomotive  Performance Svo. 

Hemenway's  Indicator  Practice  and  Steam-engine  Economy 12mo. 

Button's  Heat  and  Heat-engines Svo, 

Mechanical  Engineering  of  Power  Plants Svo, 

Kent's  Steam  boiler  Economy Svo, 

Kneass's  Practice  and  Theory  of  the  Injector Svo, 

MacCord's  Slide-valves Svo, 

Meyer's  Modem  Locomotive  Construction 4to. 

Moyer's  Steam  Turbine Svo, 

Peabody's  Manual  of  the  Steam-engine  Indicator 12mo, 

Tables  of  the  Properties  of  Steam  and  Other  Vapors  and  Temperature- 
Entropy  Table Svo, 

Thermodynamics  of  the  Steam-engine  and  Other  Heat-engines.  .  .  .Svo, 

Valve-gears  for  Steam-engines Svo, 

Peabody  and  Miller's  Steam-boilers Svo,     4  00 

Pupin's  Thermodynamics  of  Reversible  Cycles  in  Gases  and  Saturated  Vapors. 

(Osterberg.) 12mo,     1  25 

Reagan's  Locomotives:  Simple,  Compotmd,  and  Electric.     New  Edition. 

Large  12mo, 

Sinclair's  Locomotive  Engine  Rtmning  and  Management 12mo, 

Smart's  Handbook  of  Engineering  Laboratory  Practice 12mo, 

Snow's  Steam-boiler  Practice Svo, 

Spangler's  Notes  on  Thermodynamics 12mo, 

Valve-gears Svo, 

Spangler.  Greene,  and  Marshall's  Elements  of  Steam-engineering Svo, 

Thomas's  Steam-turbines Svo, 

Thurston's  Handbook  of  Engine  and  Boiler  Trials,  and  the  Use  of  the  Indi- 
cator and  the  Prony  Brake Svo, 

Handy  Tables Svo. 

Manual  of  Steam-boilers,  their  Designs,  Construction,  and  Operation  Svo, 

lilanual  of  the  Steam-engine 2vols.,  Svo, 

Part  I.     History,  Structure,  and  Theory Svo, 

Part  II.     Design,  Construction,  and  Operation Svo, 

Wehrenfenning's  Analysis  and  Softening  of  Boiler  Feed-water.    (Patterson.) 

Svo, 

Weisbach's  Heat,  Steam,  and  Steam-engines.     (Du  Bois.) Svo, 

Whitham's  Steam-engine  Design Svo, 

Wood's  Thermodynamics,  Heat  Motors,  and  Refrigerating  Machines.  .  .Svo. 


MECHANICS   PURE   AND    APPLIED. 

Church's  Mechanics  of  Engineering Svo, 

Notes  and  Examples  in  Mechanics Svo, 

Dana's  Text-book  of  Elementary  Mechanics  for  Colleges  and  Schools  .12mo, 
Du  Bois's  Elementary  Principles  of  Mechanics: 

Vol.    I.     Kinematics Svo, 

Vol.  II.     Statics Svo, 

Mechanics  of  Engineering.     Vol.    I Small  4to, 

Vol.  II Small  4to. 

•  Greene's  Structural  Mechanics Svo, 

James's  Kinematics  of  a  Point  and  the  Rational  Mechanics  of  a  Particle. 

Large  12mo, 

♦  Johnson's  (W.  W.)  Theoretical  Mechanics 12mo, 

Lanza's  Applied  Mechanics Svo, 

*  Martin's  Text  Book  on  Mechanics.  Vol.  I,  Statics 12mo, 

*  Vol.  II,  Kinematics  and  Kinetics.  12mo, 
Maurer's  Technical  Mechanics Svo. 

*  Merriman's  Elements  of  Mechanics 12mo, 

Mechanics  of  Materials Svo, 
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*  Michie's  Elements  of  Analytical  Mechanics 8vo,  $4  00 

Robinson's  Principles  of  Mechainism 8vo.     3  00 

Sanborn's  Mechanics  Problems Larse  12mo,     1  50 

Schwamb  and  Merrill's  Elements  of  Mechanism 8vo,     3  00 

Wood's  Elements  of  Analytical  Mechanics Svo.     3  00 

Principles  of  Elementary  Mechanics 12mo.     1  25 


MEDICAL. 

*  Abderhalden's  Physiological  Chemistry  in  Thirty  Lectures.     (Hall  and 

Defren.) Svo.  5  00 

von  Behring's  Suppression  of  Tuberculosis.     (Bolduan.) 12mo.  1  00 

Bolduan's  Immune  Sera 12mo,  1  50 

Bordet's  Studies  in  Immtmity.     (Gay.) Svo,  6  00 

Davenport's  Statistical  Methods  with  Special  Reference  to  Biological  Varia- 
tions  16mo,  mor.  1  50 

Ehrlich's  Collected  Studies  on  Immunity.     (Bolduan.) Svo,  6  00 

*  Fischer's  Physiology  of  Alimentation Large  12mo,  2  00 

de  Pursac's  Manual  of  Psychiatry.     (Rosanoff  and  Collins.).. .  .Large  12mo,  2  50 

Hammarsten's  Text-book  on  Physiological  Chemistry.     (Mandel.) Svo,  4  00 

Jackson's  Directions  for  Laboratory  Work  in  Physiological  Chemistry.  .Svo,  1  25 

lAssar-Cohn's  Practical  Urinr.ry  Analysis.     (Lorenz.) 12mo.  1  00 

Mandel's  Hand-book  for  the  Bio-Chemical  Laboratory 12mo.  1  50 

*  Pauli's  Physical  Chemistry  in  the  Service  of  Medicine.      (Fischer. )..12mo.  1  25 

*  Pozsi-Escot's  Toxins  and  Venoms  and  their  Antibodies.     (Cohn.).  .  12mo.  1  00 

Rostoski's  Serum  Diagnosis.     (Bolduan.) 12mo,  1  00 

Ruddiman's  Incompatibilities  in  Prescriptions Svo,  2  00 

Whys  in  Pharmacy 12mo,  1  00 

Salkowsld's  Physiological  and  Pathological  Chemistry.     (Omdorff .) Svo,  2  50 

*  Satterlee's  Outlines  of  Human  Embryology 12mo,  1  25 

Smith's  Lecture  Notes  on  Chemistry  for  Dental  Students Svo,  2  50 

*  Whipple's  Tyhpoid  Fever Large  12mo.  3  00 

*  Woodhull's  Military  Hygiene  for  Officers  of  the  Line Large  12mo,  1  50 

*  Personal  Hygiene 12mo.  1  00 

Worcester  and  Atkinson's  Small  Hospitals  Establishment  and  Maintenance, 
and  Suggestions  for  Hospital  Architecture,  with  Plans  for  a  Small 

Hospital 12mo,  1  26 

METALLURGY. 

Betts's  Lead  Refining  by  Electrolysis Svo,  4  00 

Bolland's  Encyclopedia  of  Founding  and  Dictionary  of  Foundry  Terms  used 

in  the  Practice  of  Moulding 12mo,  3  00 

Iron  Founder 12mo.  2  50 

Supplement 12mo.  2  50 

Douglas's  Untechnical  Addresses  on  Technical  Subjects 12mo,  1  00 

Goesel's  Minerals  and  Metals:  A  Reference  Book 16mo.  mor.  3  00 

*  Iles's  Lead-smelting 12mo,  2  50 

Johnson's   Rapid   Methods  for   the  Chemical  Analysis  of  Special  Steels, 

Steel-making  Alloys  and  Graphite Large  12mo,  3  00 

Keep's  Cast  Iron Svo,  2  50 

Le  Chatelier's  High-temperature  Measurements.     (Boudouard — Burgess.) 

12mo.  3  00 

Metcalf 's  Steel.     A  Manual  for  Steel-users 12mo.  2  00 

Minet's  Production  of  Aluminum  and  its  Industrial  Use.     (Waldo.).  .  12mo,  2  50 

*  Ruer's  Elements  of  Metallography.     (Mathewson.) Svo,  3  00 

Smith's  Materials  of  Machines 12mo,  1  00 

Tate  and  Stone's  Foimdry  Practice. 12mo.  2  00 

Thxirston's  Materials  of  Engineering.     In  Three  Parts Svo,  S  00 

Part  I.      Non-metallic  Materials  of  Engineering,  see  Civil  Engineering, 

page  0. 

Part  II.    Iron  and  Steel Svo,  3  50 

Part  III.  A  Treatise  on  Brasses,  Bronzes,  and  Other  Alloys  and  their 

Constituents Svo.  2  50 
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Ulke's  Modern  Electrolytic  Copper  Refining 8vo.  $3  00 

West's  American  Foundry  Practice 12mo,     2  50 

Moulders'  Text  Book 12mo.     2  60 


MINERALOGY. 

Baskerville's  Chemical  Elements.     (In  Preparation.) 

*  Browning's  Introduction  to  the  Rarer  Elements 8vo, 

Brush's  Manual  of  Determinative  Mineralogy.     (Penfield.) 8vo, 

Butler's  Pocket  Hand-book  of  Minerals 16mo,  mor. 

Chester's  Catalogue  of  Minerals 8vo,  paper, 

Cloth. 

*  Crane's  Gold  and  Silver 8vo, 

Dana's  First  Appendix  to  Dana's  New  "System  of  Mineralogy".  .Large  8vo. 
Dana's  Second  Appendix  to  Dana's  New  "  System  of  Mineralogy." 

Large  8vo, 

Manual  of  Mineralogy  and  Petrography 12mo, 

Minerals  and  How  to  Study  Them 12mo, 

System  of  Mineralogy Large  8vo,  half  leather, 

Text-book  of  Mineralogy 8vo, 

Douglas's  Untechnical  Addresses  on  Technical  Subjects 12mo, 

Eakle's  Mineral  Tables 8vo, 

Eckel's  Stone  and  Clay  Products  Used  in  Engineering.     (In  Preparation.) 

Goesel's  Minerals  and  Metals:  A  Reference  Book I6mo,  mor. 

Groth's  Introduction  to  Chemical  Crystallography  (Marshall) 12mo, 

*  Hayes's  Handbook  for  Field  Geologists idmo,  mor. 

Iddings's  Igneous  Rocks 8vo, 

Rock  Minerals 8vo, 

Johannsen's  Determination  of  Rock-forming  Minerals  in  Thin  Sections.  8vo, 

With  Thumb  Index 

*  Martin's  Laboratory    Guide    to    Qualitative    Analysis    with    the    Blow- 

pipe  12mo, 

Merrill's  Non-metallic  Minerals:  Their  Occurrence  and  Uses 8vo, 

Stones  for  Building  and  Decoration 8vo, 

*  Penfield's  Notes  on  Determinative  Mineralogy  and  Record  of  Mineral  Tests. 

8vo,  paper, 

Tables  of  Minerals,   Including  the  Use  of  Minerals  and  Statistics  of 

Domestic  Production 8vo, 

*  Pirsson's  Rocks  and  Rock  Minerals 12mo, 

*  Richards's  Synopsis  of  Mineral  Characters 12mo.  mor. 

*  Ries's  Clays:  Their  Occurrence,  Properties  and  Uses Svo, 

*  Ries  and  Leighton's  History  of  the  Clay-working  Industry  of  the  United 

States 8vo, 

*  Tillman's  Text-book  of  Important  Minerals  and  Rocks Svo, 

Washington's  Manual  of  the  Chemical  Analysis  of  Rocks Svo. 


MINING. 

*  Beard's  Mine  Gases  and  Explosions Large  12mo,  3  00 

*  Crane's  Gold  and  Silver Svo,  6  00 

*  Index  of  Mining  Engineering  Literature Svo,  4  00 

*  Svo,  mor.  6  00 

Mining  Methods.     (In  Press.) 

Douglas's  Untechnical  Addresses  on  Technical  Subjects 12mo.  1  00 

Eissler's  Modem  High  Explosives Svo,  4  OO 

Goesel's  Minerals  and  Metals r  A  Reference  Book 16mo.  mor.  3  00 

Ihlseng's  Manual  of  Mining. Svo,  5  00 

*  Iles's  Lead  Smelting 12mo,  2  50 

Peele's  Compressed  Air  Plant  for  Mines Svo,  3  00 

Riemer's  Shaft  Sinking  Under  Difficult  Conditions.     (Coming  and  Peele.  )S vo.  3  00 

*  Weaver's  Military  Explosives Svo,  3  00 

Wilson's  Hydraulic  and  Placer  Mining.     2d  edition,  rewritten 12mo.  2  50 

Treatise  on  Practical  and  Theoretical  Mine  Ventilation 12mo,  1  2& 
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SANITARY   SCIENCE. 

Association  of  State  and  National  Pood  and  Dairy  De{)artments.  Hartford 

Meeting.  1906 8vo,  $3  00 

Jamestown  Meeting.  1907 8vo,  3  00 

*  Bashore's  Outlines  of  Practical  Sanitation 12mo.  1  25 

Sanitation  of  a  Country  House 12mo,  1  00 

Sanitation  of  Recreation  Camps  and  Parks 12mo,  1  00 

Polwell's  Sewerage.     (Designing,  Construction,  and  Maintenance.) 8vo.  3  00 

Water-supply  Engineering 8vo,  4  00 

Powler's  Sewage  Works  Analyses 12mo.  2  00 

Puertes's  Water -filtration  Works 12mo.  2  50 

Water  and  Public  Health 12mo,  1  50 

Oerhard's  Guide  to  Sanitary  Inspections 12mo,  1  50 

*  Modem  Baths  and  Bath  Houses 8vo.  3  00 

Sanitation  of  Public  Buildings 12mo,  1  50 

*  The  Water  Supply.  Sewerage,  and  Plumbing  of  Modem  City  Buildings. 

8vo.  4  00 

Hazen's  Clean  Water  and  How  to  Get  It Large  12mo.  1  50 

Filtration  of  Public  Water-supplies 8vo,  3  00 

Kinnicut,  Winslow  and  Pratt's  Purification  of  Sewage.     (In  Preparation.) 
Leach's  Inspection  and  Analysis  of  Food  with  Special  Reference  to  State 

Control 8vo.  7  60 

Mason's  Examination  of  Water.     (Chemical  and  Bacteriological) 12mo,  1  25 

Water-supply.      (Considered  principally  from  a  Sanitary  Standpoint). 

8vo.  4  00 

*  Merriman's  Elements  of  Sanitary  Engineering 8vo,  2  00 

Ogden's  Sewer  Construction 8vo,  3  00 

Sewer  Design 12mo,  2  00 

Parsons's  Disposal  of  Municipal  Refuse 8vo,  2  00 

Prescott  and  Winslow's  Elements  of  Water  Bacteriology,  with  Special  Refer- 
ence to  Sanitary  Water  Analysis 12mo,  1  50 

♦  Price's  Handbook  on  imitation 12mo,  1  50 

Richards's  C^t  of  Cleanness 12mo,  1  00 

Cost  of  Food.     A  Study  in  Dietaries 12mo,  1  00 

Cost  of  Living  as  Modified  by  Sanitary  Science 12mo,  1  00 

Cost  of  Shelter 12mo,  1  00 

♦  Richards  and  Williams's  Dietary  Computer 8vo,  1  60 

Richards  and  Woodman's  Air,  Water,  and  Food  from  a  Sanitary  Stand- 
point  8vo,  2  00 

♦Richey's     Plumbers',     Steam-fitters',    and    Tinners'     Edition     (Building 

Mechanics   Ready  Reference  Series) 16mo.  mor.  1  50 

Rideal's  Disinfection  and  the  Preservation  of  Food 8vo,  4  00 

Sewage  and  Bacterial  Purification  of  Sewage 8vo,  4  00 

Soper's  Air  and  Ventilation  of  Subways 12mo,  2  60 

Tumeaure  and  Russell's  Public  Water-supplies 8vo,  5  00 

Venable's  Garbage  Crematories  in  America 8vo,  2  00 

Method  and  Devices  for  Bacterial  Treatment  of  Sewage 8vo,  3  00 

Ward  and  Whipple's  Freshwater  Biology.     (In  Press.) 

Whipple's  Microscopy  of  Drinking-water 8vo,  3  60 

♦  Typhoid  Fever Large  12mo.  3  00 

Value  of  Pure  Water Large  12mo.  1  00 

"Winslow's  Systematic  Relationship  of  the  Coccaceae Large  12mo,  2  50 


MISCELLANEOUS. 

Bmmons's  Geological  Guide-book  of  the  Rocky  Mountain  Excursion  of  the 

International  Congress  of  Geologists Large  8vo.  1  50 

Ferrel's  Popular  Treatise  on  the  Winds 8vo,  4  00 

Fitzgerald's  Boston  Machinist 18mo,  1  00 

Gannett's  Statistical  Abstract  of  the  World 24mo.  75 

Haines's  American  Railway  Management 12mo,  2  60 

Hanausek's  The  Microscopy  of  Technical  Products.     (Winton) 8vo.  5  00 
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Jacobs's  Betterment    Briefs.     A   Collection   of   Published    Papers   on   Or< 

ganized  Industrial  Efficiency 8vo. 

Metcalfe's  Cost  of  Manufactures,  and  the  Administration  of  Workshops.. 8vo, 

Putnam's  Nautical  Charts 8vo, 

Ricketts's  History  of  Rensselaer  Polytechnic  Institute  1824-1804. 

Large  12mo, 

Rotherham's  Emphasised  New  Testament Large  8vo, 

Rust's  Ex-Meridian  Altitude.  Azimuth  and  Star-finding  Tables 8vo. 

Standage's  Decoration  of  Wood,  Glass,  Metal,  etc 12mo. 

Thome's  Structural  and  Physiological  Botany.     (Bennett) 16mo, 

Westermaier's  Compendium  of  General  Botany.     (Schneider) 8vo, 

Winslow's  Elements  of  Applied  Microscopy 12mo, 


HEBREW   AND   CHALDEE   TEXT-BOOOKS. 

Geaenius's  Hebrew  and  Chaldee  Lexicon  to  the  Old  Testament  Scriptures. 

(Tregelles.) Small  4to,  half  mor,     5  Oa 

Green's  Elementary  'Hebrew  Grammar 12mo.     1  2& 


$3  «r 

5  oa 

2  00 

3  00 

2  00 

500 

2  00 

2  25 

?  00 

1  50 

19 


"*•*■«-  'WcRcST.^*  "^^^  out  A,!®*"^'*" 

j  RECEIVED 

•^'^  50  7, JmAY  3  0 1995 


tifr  ;^. 


4Pff 


^  *  .:%7 


W^^l 


Ktc  D  LD 


'**'-«n-.i.«a 


"iMI 


